
 

Class VI UIC Project Information Tracking 

This submission is for: 

      Project ID:    R05-IN-0003  

      Project Name:    Project Hoosier #1  

      Current Project Phase:    Pre-Injection Prior to Construction  

 

General Information 

      Number of proposed Class VI wells: 1 

      Brief description of the project: One Carbon Partnership (OCP) intends to use one well located at the Cardinal Ethanol Facility to inject up to 450 thousand metric tons of

supercritical CO2 per year into the Mt. Simon. Monitoring wells will be utilized on Carinal property as detailed in the project narrative and testing and monitoring plans. 

      Underground Injection Control (UIC) Program under Safe Drinking Water Act (SDWA) 

             Description: Class 6 permit needed to sequester CO2 

      Other relevant environmental permits, including state permits 

             Permit Type(s) and ID: WIll submit drilling permits with the state of Indiana prior to well installation. Permits for the monitoring wells and injection well will be obtained

following well installation. 

Optional Additional Project Information 

 

Facility and Owner/ Operator Information 

      Facility name: Cardinal Ethanol 

      Facility mailing address: 1554 N. 600 E. Union City, IN 47390 

      Facility location:    Latitude: 40.186587   Longitude: -84.864284 

      Up to four Standard Industrial Classification (SIC) codes for the products/services provided by the facility: 2869 

      Facility located on Indian lands: No 

Facility contact information 

      Contact person: Jeremy Herlyn 

      Contact's business phone number: 866 - 559 - 6026 

      Contact's business email: jeremeyherlyn@cardinalethanol.com 

      Operator's name: One Carbon Partnership, LP 

      Operator's business address: 1554 N. 600 E. Union City, IN 47390 

      Operator's business phone number: 866 - 559 - 6026 

      Operator's status: Private 

Ownership status: Owner 

 

Initial Permit Application 

      Permit Application Narrative: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/ProjInfo-07-06-2022-

1413/1.--Project--Narrative_Template--Hoosier--1-NoCBI.pdf 

             Proposed project plans, submitted with the Project Plan Submission module: 

                    An Area of Review (AoR) and Corrective Action Plan 

                    A Testing and Monitoring Plan 

                    A Well Plugging Plan 

                    A Post-Injection Site Care (PISC) and Site Closure Plan 

                    An Emergency and Remedial Response Plan 

      Computational modeling information, submitted with the Area of Review Computational Modeling module 

      A financial responsibility demonstration, submitted with the Financial Responsibility Demonstration module 

      A proposed pre-operational logging and testing program, submitted with the Pre-Operational Testing module 

      An optional alternative PISC timeframe demonstration, submitted with the Alternative PISC Timeframe Demonstration module 

 

Updated Information 

 

Complete Submission 

Authorized submission made by: Ricky Weimer 

For confirmation a read-only copy of your submission will be emailed to:    craig@vault4401.com 

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/ProjInfo-07-06-2022-1413/1.--Project--Narrative_Template--Hoosier--1-NoCBI.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/ProjInfo-07-06-2022-1413/1.--Project--Narrative_Template--Hoosier--1-NoCBI.pdf


Plan revision number: N/A 

Plan revision date: July 4, 2022 

Attachment 1: Class VI Permit Application Narrative; Hoosier #1 Project  Page 1 of 97 

Permit Number: PERMIT NUMBER 

ATTACHMENT 1: CLASS VI PERMIT APPLICATION NARRATIVE 

40 CFR 146.82(a) 

HOOSIER #1 PROJECT 

 

 

 

 

June 29, 2022 

 

Several figures contained within this document contain Confidential Business Information (CBI) 

that is privileged and exempt from public disclosure – “Narrative without CBI”. These images 

will be delivered to the United States (US) Environmental Protection Agency (EPA) in a separate 

document – “Narrative with CBI”.  

The figures listed below contain CBI and have been redacted from the publicly disclosed version 

of this document: 

Figure 19: Confidential Business Information:  2D seismic lines two-way time (TWT) in a 3D 

view 

Figure 20: Confidential Business Information:  2D surface seismic Line 1 EW 

Figure 21: Confidential Business Information: 2D surface seismic Line 2 NS 

Figure 22: Confidential Business Information: 2D surface seismic Line 3 short NS 

Figure 31: Confidential Business Information: IN133540 input data and petrophysical analysis 

Figure 32: Confidential Business Information: AK Steel input data and petrophysical analysis 

Figure 33: Confidential Business Information: INEOS (BP Lima) Nitriles input data and 

petrophysical analysis 
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Figure 34: Confidential Business Information: IN144601 input data and petrophysical analysis 

Figure 35: Confidential Business Information: Effective porosity and permeability cross plots 

with core plugs (grey) 
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1 Project Background and Contact Information [40 CFR 146.82(a)(1)] 

1.1 Project Contact Information 

Project Name:  Hoosier #1 

 

Facility Name:  Cardinal Ethanol  

 

Facility Contact: Jeremey Herlyn, Project Manager  

866-559-6026  

jeremeyherlyn@cardinalethanol.com 

 

Well Location:  1554 N. 600 E. 

Union City, IN 47390 

CCS1 Injection Well Location  

Latitude  40.186587° 

Longitude -84.864284° 

 

Operator Name: One Carbon Partnership, LP 

   1554 N. 600 E. 

Union City, IN 47390 

 

1.2 Project Background 

Vault 44.01 (Vault) and Cardinal Ethanol, LLC (Cardinal) have formed a joint venture (JV) to 

design, implement, and operate a successful commercial Class VI carbon dioxide (CO2) 

sequestration project. The name of this JV is One Carbon Partnership, LP (OCP). The Cardinal 

plant is an ethanol production facility located in Randolph County, Indiana that began operations 

in 2008. Vault is a multi-national Carbon Capture and Sequestration (CCS) project development 

company.  

Cardinal produces approximately 140 million gallons of ethanol per year. This ethanol is 

produced from the corn fermentation process. A natural byproduct of this process is CO2. 

Cardinal produces approximately 420 metric kilotons (kt) of CO2 per year, with an anticipated 

expanded volume of ethanol production that would equate to approximately 450 kt of CO2 per 

year. The objective of this project is to sequester the full anticipated volume of up to 450 kt of 

CO2 per year.  

Cardinal will work with Vault to install a facility to capture the CO2 generated by the corn 

fermentation process and sequester it deep underground via an injection well (CCS1). This well, 

the capture equipment, and all auxiliary equipment related to the project will be contained on 

property owned by Cardinal.  

The capture portion of this project will use compressors, blowers, cooling units, and scrubbers to 

purify and condense the CO2 into a supercritical state. This supercritical CO2 will then be piped 

to CCS1 and injected deep into the Mt. Simon Sandstone. The Mt. Simon Sandstone is of 

sufficient depth and temperature at the site to maintain this supercritical state. The Mt. Simon 

Sandstone has served as a suitable injection interval for Class I and II wells in the region for 
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multiple decades (INEOS (BP Lima) Nitriles, August 22, 2016; AK Steel Cleveland-Cliffs Steel 

Corporation, March 15, 2021).  The confining zone is Eau Claire Shale with the Knox Dolomite 

as a secondary confining zone.  

The Hoosier #1 Project intends to enable OCP to continue to provide jobs and economic 

opportunity while minimizing the amount of CO₂ emitted into the earth’s atmosphere. OCP 

maintains that both economic and environmental stewardship can advance in unison with an 

asset such as the Hoosier #1 Project.   

Thorough analysis has been performed using publicly available data, two-dimensional (2D) 

seismic lines, and other data sources to confirm the feasibility of this project.  

Based on the maximum anticipated annual volume of 450 kt of CO2 per year over a period of 12-

years (5.4 MMT of CO2) to 30-years (13.5 MMT of CO2), the total mass of injected CO2 is 

anticipated to range from 5.4-13.5 MMT, respectively.  

Figure 1 shows the locations of the four primary wells associated with the project. Table 1 shows 

the coordinates, depth, and information for the four primary wells associated with the project. 

 

 
Figure 1: Project and Well Location Map 

  

Indiana Ohio
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Table 1: Proposed Hoosier #1 Project wells 

 

This document is one of the below 12 attachments that are being submitted to the United States 

US EPA for approval for a Class VI well for the Hoosier #1 Project. The other 11 attachments 

are listed below:  

(Attachment 1: Narrative, 2022) 

(Attachment 2: AoR and Corrective Action, 2022) 

(Attachment 3: Financial Responsibility, 2022) 

(Attachment 4: Well Construction, 2022) 

(Attachment 5: Pre-Op Testing Program, 2022) 

(Attachment 6: Well Operations, 2022) 

(Attachment 7: Testing And Monitoring, 2022) 

(Attachment 8: Well Plugging, 2022) 

(Attachment 9: Post-Injection Site Care, 2022) 

(Attachment 10: ERRP, 2022) 

(Attachment 11: QASP, 2022) 

(Attachment 12: Confidential Business Information: Risk Register, 2022) 

  

Well 

Name 

X (ft) 

EPSG 

2965 

Y (ft) 

EPSG 

2965 

Elevation 

feet below 

sea level 

(fbsl) 

Total 

Depth 

(TVD) 

(ft) 

Purpose 

CCS1 552167 1799966 -1100.2 3,708 

CO₂ injection well 

Designed to inject 450 metric kilotons of CO₂ 

per year.  

OBS1 551657 1797463 -1106.6 3,709 

Injection reservoir observation well. 

Located 2,600 ft south of CCS1. 

Logging and pressure monitoring will be used to 

history match the CO₂ migration in the reservoir 

and ensure containment.  

ACZ1 552218 1799966 -1100.1 1,666 

Above confining zone (ACZ) observation well. 

Targeting the most permeable formation above 

the confining zone, this well will be used as a 

detection point in the event CO₂ migration 

above the confining zones. 

USDW1 552080 1799966 -1100.2 600 

Deepest underground source of drinking water 

(USDW) monitoring well.  

Completed in the deepest USDW, this well will 

be used to monitor the groundwater chemistry. 
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1.3 Project Goals 

An objective of this project and Class VI application is to establish that CO2 produced at the 

Cardinal corn processing facility can be effectively captured and permanently sequestered deep 

in the Mt. Simon Sandstone.  

This application seeks approval to continue this effort. Upon approval, project execution will 

begin with the drilling and completion of several wells including the CO2 injection well (Figure 

1, Table 1). Real-time data will be collected as the wells are drilled and completed. The data 

gathered will be processed and analyzed to confirm or re-assess the project modeling efforts and 

current understanding. If necessary, additional data sets will be collected and analyzed.  

1.4 Project Timeframe Overview 

A projected pre-injection project schedule is shown in Figure 2.  

 
Figure 2: Pre-Injection Project Schedule. 
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A preliminary Post Injection Site Care and Closure (PISC) schedule is shown in Figure 3. 

 
Figure 3: PISC Project Schedule 

 

1.5 Partners 

The Hoosier #1 Project and facilities will be jointly owned by Vault and Cardinal under the JV 

One Carbon Partnership, LP.  

1.6 Proposed Injection Mass/Volume and CO2 Source 

It is anticipated that one injection well will be sufficient to handle the project’s intended mass 

flow rate while maintaining maximized storage efficiency of the Mt. Simon Sandstone. The 

Hoosier #1 Project has been designed to operate for thirty years at a nameplate capacity per 

annum of 450,000 tons of CO₂.  

1.7 Local, State, and Federal Emergency Contacts [40 CFR 146.82(a)(20)] 

Table 2: Local, State, and Federal Emergency Contacts 

Agency Phone Number 

Union City Police Department 765-964-5353 

Union City Fire & EMS 
765-964-4488 (Indiana) 

937-968-5605 (Ohio) 

Randolph County Sheriff 765-584-1721 

Indiana State Police 765-778-2121 
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Agency Phone Number 

Indiana Emergency Management and Preparedness 

Division 
765-584-1721 (Local) 

Environmental services contractor 

516-333-4526 (Environmental Consultant-RTP 

Environmental Associates) 

260-489-7062 (Emergency Spill Response) 

Underground Injection Control (UIC) 

Program Director (Region 5) 
312-353-7648 

EPA National Response Center (24 hours) 800-424-8802 

Indiana Department of Natural Resources (IDNR) 317-232-4200 

 

1.8 Summary of Other Permits Required 

Table 3 provides a summary of permits required for the Hoosier #1 Project. 

Table 3. Permits Required for the Hoosier #1 Project 

Program Permits Status 

a) Hazardous 

Waste Management 

program under the Resource 

Conservation and Recovery 

Act (RCRA) 

Not required Not Applicable 

b) UIC program under the 

Safe Drinking Water 

Act (SDWA) 

(UIC) Class VI Permit Randolph 

County Cardinal CCS1 

Permit Submitted to EPA Region 5 

c) NPDES program under 

the Clean Water Act (CWA) 

Not planning to be used for Class VI 

UIC project 

Not necessary, water from well 

installation will not be discharged into 

local bodies of water 

d) Prevention of Significant 

Deterioration (PSD) 

program under the Clean Air 

Act 

Not required Not necessary, no additional air 

pollution will be introduced as part of 

the Class VI project 

e) Nonattainment program 

under the Clean Air Act  

Not required Not applicable. Area is in attainment 

for all criteria pollutants 

f) National Emission 

Standards for Hazardous 

Pollutants (NESHAPS) 

preconstruction approval 

under the Clean Air Act  

Not required Not Applicable 

g) Dredge and 

fill permits under section 

404 of the CWA 

Not necessary for CO2 plant and 

flowline(s); well pad(s) will not affect 

wetlands 

Wetlands areas are being avoided at the 

power plant site and 

injection/monitoring well pad 

locations. 

https://www.law.cornell.edu/topn/air_pollution_control_act
https://www.law.cornell.edu/topn/air_pollution_control_act
https://www.law.cornell.edu/topn/air_pollution_control_act
https://www.law.cornell.edu/topn/air_pollution_control_act
https://www.law.cornell.edu/topn/air_pollution_control_act
https://www.law.cornell.edu/topn/air_pollution_control_act
https://www.law.cornell.edu/topn/air_pollution_control_act
https://www.law.cornell.edu/topn/air_pollution_control_act
https://www.law.cornell.edu/topn/air_pollution_control_act
https://www.law.cornell.edu/topn/air_pollution_control_act
https://www.law.cornell.edu/topn/air_pollution_control_act
https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=3be3cd7e1753f225d4bca6f30888248d&term_occur=999&term_src=Title:40:Chapter:I:Subchapter:D:Part:144:Subpart:D:144.31
https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=3be3cd7e1753f225d4bca6f30888248d&term_occur=999&term_src=Title:40:Chapter:I:Subchapter:D:Part:144:Subpart:D:144.31
https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=3be3cd7e1753f225d4bca6f30888248d&term_occur=999&term_src=Title:40:Chapter:I:Subchapter:D:Part:144:Subpart:D:144.31
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Program Permits Status 

h) Other relevant 

environmental permits, 

including State permits 

    

Drilling Permit(s) Required for injection/monitoring wells Application(s) to permit the wells laid 

out in this permit application will be 

submitted at a later time, prior to well 

installation. 

Well Permit(s) Required for injection/monitoring wells Application(s) to permit the wells laid 

out in this permit application will be 

submitted after they are installed. 

Regulatory path towards permitting 

these wells is currently being legislated 

at the state level in Indiana.  

 

https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=703b26f8e8f5f494262f451ed738bb3a&term_occur=999&term_src=Title:40:Chapter:I:Subchapter:D:Part:144:Subpart:D:144.31
https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=703b26f8e8f5f494262f451ed738bb3a&term_occur=999&term_src=Title:40:Chapter:I:Subchapter:D:Part:144:Subpart:D:144.31
https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=703b26f8e8f5f494262f451ed738bb3a&term_occur=999&term_src=Title:40:Chapter:I:Subchapter:D:Part:144:Subpart:D:144.31
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2 Site Characterization [40 CFR 146.82(a)(2), (3), (5), and (6)] 

Unless otherwise stated, all depths are in reference to feet (ft) below ground surface.  

 

2.1 Regional Geology, Hydrogeology, and Local Structural Geology [40 CFR 

146.82(a)(3)(vi)] 

The Hoosier #1 Project site is located on the Indiana-Ohio Platform/Arches Province that is a 

high region between the Illinois, Appalachian, and Michigan Basins (Figure 4). Structural relief 

on the Indiana-Ohio Platform is generally the result of differential subsidence of the surrounding 

basins as opposed to tectonic uplift (Drahovzal, et al, 1992).  

 
Figure 4. Regional Indiana-Ohio Platform/Arches Province 

 

During the Precambrian (Keweenawan), a period of extension prevailed in North America’s mid-

continent that led to the formation of the Midcontinent Rift System (MRS) and associated East 

Continent Rift Basin (ECRB), with the peak of rifting, associated volcanic activity, and 

deposition of sedimentary rocks occurring at this time (Baranoski, 2002: Drahovzal, et al, 1992).  

By the end of the Precambrian Era, Indiana/Ohio was the site of continental-continental 

convergent plate margin activity. This activity precipitated the Grenville Orogeny. The western 
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structural boundary of these Precambrian mountains is known as the Grenville Front. 

Precambrian rocks to the west of this boundary consist of unmetamorphosed felsic igneous and 

metasedimentary rocks of the Granite-Rhyolite Province. Precambrian rocks of the Grenville 

Province (GP) lie to the east of this boundary and consist of metamorphic rock. The thrusting 

and metamorphism related to the Grenville Orogeny occurred approximately 1.06 to 1.03 billion 

years ago (Dickas et al., 1992). In Late Precambrian time, uplift and erosion occurred.  

The Eastern Granite-Rhyolite Province (EGRP) is a Mesoproterozoic province of the North 

American Midcontinent basement region. The EGRP overlaps and overprints the older Central 

Plains Orogenic Province (CPO) to the west and is physically bound by the younger GP to the 

east. The EGRP is separated from the Southern/Western Granite-Rhyolite Province 

(SGRP/WGRP) to the south by a transitional change in the age of granitic magmatism of the two 

provinces (Green, 2015).  

Erosion of the land mass continued in early Cambrian time, and the seas began a slow 

transgression from the east. Large quantities of clastics and some carbonates were deposited in 

the Paleozoic Appalachian Basin. As the sea continued to encroach upon the land, dolomite and 

limestone were being deposited in deeper waters while deposition of clastics was limited to near 

shore areas being fed by major drainage systems (Freeman, 1953). There was an uplifting of the 

Canadian shield near the end of Cambrian time that tilted the sediments of the area. Therefore, 

the Cambrian section represents an overall transgressive depositional sequence (Harris and 

Baranoski, 1996).  

Much of the land mass was covered by the sea as the Cambrian Period ended and the Ordovician 

Period began. During the Ordovician Period, marine regression occurred exposing newly 

deposited sediments to erosion for the first time and resulted in the Middle Ordovician Knox 

unconformity. Another period of transgression began that resulted in a repeat of Cambrian 

history with one notable exception: Erosion of fresh sediments covering the land mass was 

occurring rather than erosion of igneous and metamorphic rocks of the Precambrian crust. 

Consequently, the lithology of these new deposits reflected the lithologies of the nearest source 

areas (Freeman, 1953). A series of transgressing and regressing shallow seas, associated with 

periods of broad, gentle uplifting of the uplands and continued subsidence in the basins 

dominated the remainder of Ordovician time. 

By early to mid-Silurian time, eastern Indiana/western Ohio was close to wave-base while the 

basins to the west, north, and east received a large amount of sediments (Janssens, 1967). During 

early Devonian Period, the seas retreated, and uplift occurred, followed by extensive erosion. 

The seas returned and deposited Devonian-Mississippian shales across the region.  

Subsidence and uplift continued well into the Pennsylvanian Period. Movement became slower 

and more episodic from Late Pennsylvanian until the close of the Paleozoic Era. Erosion or 

nondeposition prevailed throughout the Mesozoic Era and into the Cenozoic Era. During the 

Pleistocene Epoch, the region was exposed to Illinoisan and Wisconsin glaciation. Post-glacial 

streams have deposited up to 400 ft of valley fill along stretches of the major river systems. 

2.1.1 Regional Stratigraphy 

A stratigraphic chart (Figure 5) for southeastern Indiana, southwestern Ohio, and central 

Kentucky shows the pre-Knox unconformity correlations for the tri-state area (Drahovzal, et al, 

1992). The stratigraphic nomenclature used in this report is shown on the generalized 
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stratigraphic column (Figure 6). A regional cross-section is included to show regional continuity 

and characteristics of the Paleozoic formations [40 CFR 146.82(a)(3)(i)] (Figure 7). This cross-

section includes two Ohio Class I wells critical in establishing the Mt. Simon Sandstone as a 

suitable injection horizon in eastern Indiana and western Ohio. The datum for this cross section 

is the Mt. Simon Sandstone and thickening and thinning of the individual geologic units can be 

seen up through the Trenton Limestone.  

 
Figure 5: Pre-Knox unconformity stratigraphic correlation chart for southeastern Indiana, southwestern Ohio, and 

central Kentucky. Post -Precambrian unconformity between the Mt. Simon Sandstone and the Middle Run Formation is 

indicated (Drahovzal, et al, 1992). 
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Figure 6: Generalized stratigraphic column of Indiana bedrock including injection, primary confining, secondary 

confining, and lowest USDW horizons modified from (Indiana Geological Survey, 2016) 
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Figure 7: Regional North-South cross section demonstrating regional continuity of formations 
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2.1.1.1 Precambrian Basement Complex 

The Precambrian basement of the Granite-Rhyolite Province/ EGRP consists of high grade 

metamorphic and igneous rocks (Figure 8). The Granite-Rhyolite Province has been mapped 

from western Ohio and Kentucky westward to Missouri, Kansas, and Oklahoma (Denison and 

others, 1984). The Grenville Front, which runs north-south through west-central Ohio ~100 

miles east of the project, is the structural boundary that separates the Granite-Rhyolite Province 

from the GP. 

Typical lithologies include granites, rhyolite, trachylite, and quartzite and fine grained, 

micrographic to granophyric granite of extensional tectonic origin (Bickford and others, 1986). 

The GP consists of highly folded, intruded, medium to high grade metamorphic rock that include 

schist, amphibolite, and gneiss. 

 

 
Figure 8: Generalized map of the Eastern Granite-Rhyolite Province and surrounding basement provinces.  

(Modified by Michael Ray Green, 2015 from Bickford et al., 2015). 
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2.1.1.2 Middle Run (Precambrian) 

The Middle Run Formation was first recognized as a new formation in the Ohio Department of 

Natural Resources (ODNR), Division of Geological Survey (DGS) DGS #2627 core located in 

Warren County approximately 58 miles southeast of the project. Based on core and thin section 

data, the Middle Run Formation is a tightly compacted, fine to medium-grained, subrounded to 

subangular, reddish lithic arenite (sandstone) with coarse, angular, weathered feldspar with red 

clay, quartz, and accessary biotite, magnetite and hornblende lithic clasts composed of (in the 

order of increasing abundance) volcanic, metamorphic, plutonic, and sedimentary fragments. The 

formation is well compacted and low porosity. An 80-foot siltstone was also identified in the 

upper most Middle Run (Dickas et al., 1992). The contact between the Middle Run Formation 

and the overlying Mt. Simon Sandstone was sharp where penetrated and cored in DGS 2627.  

Both the sandstone and the siltstone elements of the Middle Run Formation at DGS #2627 were 

reported to have no identifiable porosity (Shrake et al., 1990). A thin section analysis of the 

Middle Run Formation indicated an intergranular porosity of about 0.5% (Shrake et al., 1991). 

The petrology of the Middle Run Formation has been described as "porosity is almost totally 

absent where cuttings have been observed it cores, and hence there is small likelihood that the 

Middle Run Formation could ever be a petroleum reservoir or a site for liquid waste disposal." 

(Wolfe et al., 1993). 

The Middle Run Formation was deposited in a rift-associated sedimentary basin during Late 

Precambrian time (e.g., Shrake et al., 1991; Shrake, 1991; Drahovzal et al., 1992; Dickas et al., 

1992; Lucius and von Frese, 1988). Lithologic similarities with other red clastic sequences 

associated with the Precambrian Midcontinent Rift System in Michigan and Wisconsin support 

the interpretation that the Middle Run Formation is related to a rift basin. In addition to lithologic 

similarities, seismic, magnetic, and gravity data suggest a genetic relationship between the 

Midcontinent Rift System and the rift basin containing the Middle Run. This relationship further 

supports the Late Precambrian age assigned to the Middle Run Formation. The Middle Run 

Formation was deposited in association with and following deposition of East Continent Rift 

System fill sequences and possibly with later foreland basin development (Baranoski et al., 

2009). Geochronological analysis of detrital zircon from the Middle Run Formation supports the 

deposition of sediments at the end of the Grenville Orogeny (Baranoski et al., 2009). Recent 

work supports a complex history associated with pre-Mt. Simon Sandstone sedimentation that 

includes multiple sequences of sedimentary units culminating in the deposition of Middle Run-

Foreland Basin sediment deposition followed by erosion prior to deposition of the Mt. Simon 

Sandstone. 

The Middle Run Formation has been identified in seismic reflection surveys conducted in several 

locations in western Ohio. These surveys indicate the presence of a thick sequence of pre-Mt. 

Simon Sandstone stratified units consisting of clastic sedimentary layers and possibly layered 

volcanics (e.g., Richard and Wolfe, 1995; Shrake et al., 1990; Baranoski et al., 2009; Wolf et al., 

1993; Dean et al., 2002a and 2002b). The topmost unit of this sequence in western Ohio is the 

Middle Run Formation (Figure 6).  

Figure 9 and Table 4 summarize the wells within the basin that penetrate the Middle Run 

Formation. 
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Figure 9: Map of the study area showing the location and lithology of the Middle Run formation and related intrabasinal 

volcanic rocks in the ECRB. Lithologic identifications are based on core or cutting samples from wells indicated. 
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Table 4: List of wells penetrating Middle Run Formation and associated mafic and felsic volcanics within the ECRB. 

 

2.1.1.3 Mt. Simon Sandstone/Injection Zone (Cambrian) 

At the Hoosier #1 site, the Cambrian-Ordovician Sauk sequence unconformably overlies the 

Middle Run Formation (Figure 6). This includes the Mt. Simon Sandstone, the Eau Claire, and 

the Knox formations.  

The basal sandstone unit, named the Mt. Simon Sandstone, is a quartz-rich, occasionally arkosic, 

fine to coarse-grained sandstone deposited unconformably upon the Precambrian (Janssens, 

1973). It is interpreted to be a barrier bar sequence which migrated across a basal lagoonal 

estuarine sequence (Saeed, 2002). The Mt. Simon Sandstone is a thick sandstone present in 

several states including Indiana, Illinois, Michigan, western/northern Kentucky, and western 

Ohio (Baranoski, 2007). The Mt. Simon Sandstone is a clear, very bright red to yellowish 

orange, or white, fine to coarse grained, poorly sorted, friable, hematinic, feldspathic quartzose 

sandstone (generally equal portions of quartz and feldspar). Isolated sandstone beds within the 

formation can be well-sorted and extremely permeable. Over the past decade, the Mt. Simon 
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Sandstone has been the target of numerous studies to evaluate its potential for CO2 sequestration 

over a wide range of target areas (e.g., Medina et al., 2010, Wickstrom et al., 2005, Barnes, et al., 

2009, MRCSP 2005, 2011). These studies verify the presence of the Mt. Simon Sandstone 

throughout eastern Indiana and western Ohio at much shallower depths than in other locations in 

the Michigan and Illinois basins.  

The Mt. Simon Sandstone was deposited in an area limited to western Ohio and the adjacent 

proto-Michigan-Illinois Basin. The eastern limit of the Mt. Simon Sandstone is redefined along a 

north–northwest-trending, broad, Precambrian paleotopographic arch (exposed Laurentian 

craton), which extends in the subsurface from an area north of present-day western Lake Erie, 

southward to the Ohio River, and corresponds to the northwestern Rome Trough boundary fault 

system. The Mt. Simon Sandstone subcrops along the northern portion of this north–northwest-

trending arch. Along the southern portion of this trend, the Mt. Simon Sandstone thickness thins 

to the east, grading laterally with mixed clastic-carbonate Conasauga Group facies (Baranoski, 

2007).  

Regionally, it has been noted that the lower Mt. Simon Sandstone is conglomeritic and arkosic 

(Kemron/AK Steel). It grades upwards into a sandstone or sandy dolomite. Thin green and red 

shale streaks parallel very porous and permeable red sands just above the base. The middle/upper 

Mt. Simon Sandstone contains medium to coarse-grained, poorly sorted, round to angular, 

frosted, poorly consolidated sandstone. Minor amounts of silica or carbonate cement with 

possible feldspar growth have been reported. Dolomite and hematite may act as additional 

cement. It becomes increasingly calcareous towards the top and contains a few marine fossils. 

Some siltstone layers and thin shales are present in the upper zone. Glauconite is only present 

where the Eau Claire overlies the Mt. Simon Sandstone in western Ohio (Janssens, 1973).  

2.1.1.4 Eau Claire/Primary Confining Zone (Cambrian) 

The Eau Claire Formation (Figure 6) overlies the Mt. Simon Sandstone at the Hoosier #1 site. 

This formation consists of interbedded glauconitic sandstones, siltstones, shales, and dolomite. 

Siltstones and sandstones are light to medium greenish-gray, brown, or very light orange. 

Interbedded green and reddish-brown glauconitic shales are more prevalent near the top of the 

formation. Limestone may occur in trace amounts (Janssens, 1973). The contact of the Eau 

Claire Formation with the Mt. Simon Sandstone is transitional with the base of the Eau Claire 

Formation being a glauconitic siltstone and very fine-grained sandstone. Increasing carbonates 

towards the top of the section indicates increasingly marine conditions during deposition of the 

Eau Claire Formation. The Eau Claire Formation undergoes facies change to the east where it 

becomes the Rome Formation and the Conasauga Shale. This facies change runs north-south 

near the top of the Findlay and Cincinnati Arch Axes, which is east of the Hoosier #1 site and 

significantly outside the Area of Review (AoR). Thickness of the Eau Claire Formation ranges 

from 400 ft to over 700 ft in eastern Indiana.  
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2.1.1.5 Davis (Cambrian) 

The Eau Claire Formation is overlain by the Davis Formation which is conformable with both 

the Eau Claire Formation and overlying Knox Dolomite (Figure 6). The following rock types 

have been identified in the Davis Formation:  

1. Dolomite that is brownish gray, fine to medium crystalline, glauconitic, slightly silty, 

sandy, and pseudo-oolitic,  

2. Siltstone that is yellowish gray, dolomitic, glauconitic, and slightly feldspathic,  

3. Shale that is dark gray, hard, brittle, and calcareous,  

4. Limestone that is gray to brownish gray, dense, shaly in many places, somewhat pseudo-

oolitic, and interbedded with glauconitic siltstone and fine-grained sandstone (Becker; et 

al, 1978). 

2.1.1.6 Knox/Potential Secondary Confining Zone (Cambrian-Ordovician) 

The Davis Formation is overlain by the Cambrian-Ordovician Knox Dolomite (Figure 6). When 

sea floor spreading slowed during tectonically quiescent periods, carbonate deposits of the Knox 

Group occurred on the shelf (Hansen, 1997 and Milici, 1996). In southeastern and eastern 

Indiana, this depositional time is referred to as the Knox Supergroup (Prairie Du Chien Group 

and Potosi Dolomite). The transition from deposition on a passive margin to deposition on a 

convergent margin caused the Knox Dolomite to be truncated by a major regional unconformity 

(Drahovzal, et al, 1992, Read 1980). The continent was uplifted, and karst topography and 

associated drainage patterns probably formed on the exposed surface (Dolly and Bush, 1972; 

Mussman and Read, 1986: from Drahovzal, et al, 1992). This formation consists of dolomite, 

shale, sandstone, and stratigraphically restricted limestone. Stromatolitic structures and fossils 

have been recognized in cores from the Knox (Botoman, 1975).  

The lower and middle Knox formations are Cambrian in age. The Knox Formation is micro 

crystalline to coarse crystalline dolomite with interbedded pyritic shale and clear sandstone at its 

base. The middle Knox Formation is micro crystalline to medium crystalline, partly sandy 

dolomite and silty dolomite with sand and occasional chert, shale, silicified oolite and pebbles. 

The upper Knox Formation is Ordovician in age. This part of the formation is porous to 

occasionally dense, fine crystalline dolomite. It may occasionally have associated shale, 

glauconite and chert. The Knox Dolomite has an approximate thickness of 335 ft at the Hoosier 

#1 site. Variation in thickness across Indiana and Ohio can be attributed either to depositional 

thinning, erosion before the Middle Ordovician, or a regional truncation of individual units. 

2.1.1.7 Ancell – Indiana/Wells Creek – Ohio (Ordovician) 

After the Knox Formation surface erosion, subsidence created a shallow sea that covered the 

area, resulting in a brief period of intercalated clastic and carbonate sediments, represented by 

the Ancell/Wells Creek Formation (Figure 6) (Drahovzal, et al, 1992). A sharp contact is easily 

seen on gamma ray - neutron logs and in samples, between the clean Knox Dolomite and the 

clastic, sandy dolomite of the Wells Creek Formation. The Wells Creek Formation consists of 

sandstone, siltstone, gray, green, and brown shale, and argillaceous and sandy dolomite. 

Sandstone interbedded with dolomite is generally fine-grained but may be fine to coarse-grained. 

Internally this unit is called the Glenwood Formation, which is overlain by the Gull River 

Formation, both nomenclatures are commonly used in Ohio. 
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2.1.1.8 Black River (Ordovician) Group 

Subsequent encroachment from the east to west caused deposition of the Ordovician Black River 

Group (Figure 6) (micritic to finely crystalline limestone) in environments ranging from subtidal 

to intertidal (Drahovzal, et al, 1992). This formation consists of lithographic limestone with 

sandstone, chert, and brown shales. Thin interbedded limestone is present in the upper section of 

the Black River Group, while the lower section contains lenses of fine-grained brown dolomite. 

The Black River Limestone terminates with a volcanic metabentonite zone (Botoman,1975). 

After Black River Group deposition, the epeiric sea deepened and became more normal marine 

in composition. Bentonites at the top of the Black River Group are evidence that the Taconic 

Orogeny was increasing in intensity to the east (Drahovzal, et al, 1992). Deepening of the sea 

resulted in the deposition of the basal, subtidal, and open-shelf facies of the Ordovician Trenton 

Limestone. As a result of the subsidence of the proto-Appalachian Basin and the early stages of 

the Taconic Orogeny, the deposition of the basal Trenton facies ended which is marked by a 

change in depositional strike. This caused shallowing of the sea to the northwest and the 

deposition of the thick carbonates of the platform facies of the Trenton Limestone.   

2.1.1.9 Trenton Limestone (Ordovician) 

Overlying the Black River Group is the Ordovician Trenton Limestone (Figure 6). The Trenton 

Limestone consists of limestone that becomes increasingly dolomitic in northern Indiana, and in 

places it is completely dolomitized. The Trenton Limestone is tan to light tannish gray to 

medium tannish gray. The color variation in the limestone is due to the variation in the content of 

skeletal grains versus micrite where the darker color correlates with the higher micrite content. In 

the dolomite the size of the crystals appears to be the controlling factor the more coarsely 

crystalline phases are lighter colored. The Trenton Limestone is everywhere in the subsurface of 

Indiana except for far southeastern Indiana as noted below. The Trenton Limestone has a 

maximum thickness of 265 ft in Steuben County in northeastern Indiana, and it thins to zero 

thickness in far southeastern Indiana through what is believed (although not well understood) to 

be a geographically progressive facies change with the Kope Formation, which is replaced 

farther southeastward by the Lexington Limestone through a similar facies change (Gray, 1972b; 

Droste and Shaver, 1983; and Keith, 1985). This narrow area of dual facies change extends 

northeastward from Spencer and Perry Counties to eastern Fayette County (Keith, 1985). 

2.1.1.10 Cincinnatian/Maquoketa Group (Ordovician) 

The Trenton Limestone is overlain by the Upper Ordovician Cincinnatian Series (Figure 6), a 

succession of fossiliferous limestone and gray calcareous shale or siltstones. For the purposes of 

this project the Cincinnatian Series is subdivided into the Kope (dark brown to nearly black shale 

and minor interbedded limestone), and Maquoketa formations. The shale dominated Maquoketa 

Shale approaches 1,000 ft in eastern Indiana but is only around 200 ft in western Indiana. Most 

of the shale is gray and calcareous, but brown carbonaceous shale 100 ft to 300 ft thick 

characterizes the lowermost part of the group. Limestone, which constitutes about 20 percent of 

the group, is most abundant in the upper part.  The Maquoketa is a clastic wedge that spread 

across Indiana from east to west and is the first of the Paleozoic sediments to have had an evident 

eastern source. The Maquoketa Shale has been identified as the lowest USDW in the project area 

(Figure 6). 

https://igws.indiana.edu/compendium/kope-formation
https://igws.indiana.edu/compendium/lexington-limestone
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2.1.2 Regional Structure 

This section discusses the regional Precambrian structural element and the relation to the 

overlying sediments where the Mt. Simon Sandstone is the injection zone, and the Eau Claire 

Formation and lower portion of the Knox Formation act as confining units. 

Major features of Indiana consist of parts of the Cincinnati and Kankakee Arches and segments 

of the Illinois and Michigan basins (Figure 4). The structural axis of the Cincinnati and 

Kankakee Arches extends from southeastern to northwestern Indiana. The crestal area of the arch 

is broad and flat and is as much as 75 miles wide. The Illinois Basin is the large structural 

depression southwest of the arch, and the Appalachian Basin is the structural depression to the 

east of the arch. Regional dip from the crestal area into the basins is between 25 ft and 35 ft per 

mile. Detailed mapping of the Trenton Limestone indicates that the lower Paleozoic sequence is 

disturbed by minor faulting (Dawson, 1971). Although there is a lack of deep well control along 

the trace of the faults, it is presumed that the Precambrian basement was also disturbed with 

displacement. Generally, less than 100 ft of displacement is observed on the Trenton Limestone 

(Becker, et al, 1978). 

Sparse well data, magnetic gradient models, and scattered surface seismic data has been used to 

map the crystalline basement. In Figure 10, crystalline basement is defined as pre-rift igneous 

rock. Shaded areas indicate the Grenville (metamorphic) and Granite-Rhyolite (igneous) 

Provinces adjacent to the ECRB, which were mapped using basement well control. The fault 

boundaries of the ERCB are shown by bold lines. Areas within the ECRB were mapped using a 

combination of magnetic anomaly trends and seismic data. Circles within the basin indicate the 

location of estimated depths to magnetic basement derived from magnetic anomaly data. 

Volcanic rocks interpreted to be part of the rift-fill sequence are not considered part of the 

crystalline basement. No wells have penetrated the pre-rift crystalline basement beneath the 

basin fill sequence; therefore, the mapping of this surface is highly speculative (Drahovzal, et al, 

1992).  
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Figure 10: Structure contour map of the Precambrian crystalline basement surface. (Drahovzal, et al, 1992). 

 

West of the Grenville frontal thrust, the top of the crystalline basement changes lithologically, 

and abruptly deepens to depths as great as 27,500 fbsl. The overall structure varies from a deep 

basin immediately adjacent to the Grenville Front (7,500 ft to more than 25,000 ft) to a much 

shallower surface to the west (2,500 ft to 12,500 ft). A broad, south-east plunging arch extends 

from an upthrown block of Granite-Rhyolite Province rock in eastern Indiana into southwestern 

Ohio, dividing the basin into deeper portions both to the north and south. The Fort Wayne Rift 

trend (Figure 11), located approximately ten miles north, defines another northwest-oriented high 

area in eastern Indiana and western Ohio that also separates deeper portions of the basin 
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(Drahovzal, et al, 1992). Located approximately six miles northeast of the project, the 

questionable Auglaize fault/structural trend ends in Ohio and is not mapped into Indiana.  

 

Figure 11: Ohio fault lines map showing Fort Wayne rift and Auglaize Fault (ODNR Division of Geological Survey, 2022) 

 

While the Auglaize Fault is considered questionable by ODNR, its potential proximity to the 

project site warranted further investigation. Historically, much of the seismicity in Ohio has been 

centered near the town of Anna in Shelby County. In the 1970s, the Nuclear Regulatory 

Commission contracted with researchers affiliated with the University of Michigan to investigate 
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the possible causes of the seismicity. Several engineering firms, including Stone & Webster and 

Dames & Moore, were also commissioned to investigate the area.  

It is from these studies that the Auglaize fault was first mapped (Figure 12). The mapped 

Auglaize Fault terminates to the southwest at the Anna-Champagne fault and does not extend to 

the state line, as it does on later maps. The authors noted that none of the faults mapped were 

exposed at the surface or had been described in the literature at the time (Jackson, 1982). Of the 

three potential faults that were identified, the Auglaize Fault had the least evidence for its 

existence. Its presence was inferred from well log data alone; unfortunately, none of the data 

used for the interpretation was published with the map (Jackson, 1982). 

 

Figure 12: One of the early published maps detailing potential faults in the area of Anna, Ohio (reference) 

In the early 1990s, Wickstrom and others expanded on the idea of the three postulated faults and 

extended the Auglaize Fault southwest all the way to the Indiana border as can be observed in 

current ODNR maps (Figure 11) (Wickstrom, 1993).  The only data available at the time were 

Auglaize Fault

Anna-Champaign Fault

Logan-Hardin Fault
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the previous maps from the earlier report and their mapped depositional trends of the lower 

Paleozoic strata which the authors believed were controlled by faults. While these depositional 

trends could be caused by existing faults, there could be other possible explanations.   

In summary, it appears that the closest documented Precambrian faulting with Paleozoic 

reactivation is in the Fort Wayne Rift zone. The highly speculative Auglaize Fault (Figure 11) 

has questionable Precambrian displacement and highly unlikely Paleozoic movement (Baranoski, 

2002). The Auglaize Fault is not expected to present a hazard to the project. Further discussions 

on local structure and interpretation of seismic lines acquired for the project can be found in 

Section 2.3.  

 

2.2 Maps and Cross Sections of the AoR [40 CFR 146.82(a)(2), 146.82(a)(3)(i)] 

Table 5 is the site-specific stratigraphic column for the project. As discussed in Section 2.1.2, the 

closest regional structural features to the project are the Fort Wayne Rift Zone and the 

questionable Auglaize Fault at ten and six miles to the north and northeast, respectively. 

The lowermost USDW is estimated to be at 450 ft in the Maquoketa Shale based on Well Permit 

Number 30922 (IGS Well ID/PDMS 144860) located 1.5 mi southwest of the proposed CCS1 

location (Section 2.8.4). There is approximately 2,709 ft between the top of the injection zone 

and the lowermost USDW; this interval includes approximately 487 ft of the Eau Claire Shale 

that is the primary confining zone (Table 5).  

Table 5: Site specific stratigraphic column and formations of use.  

P
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Group Formation Use Brief Description 

 

Undifferentiated 
Undifferentiated 

The deepest USDW is estimated to be at 450 ft.  

  

 

Silurian Bedrock 

O
rd

o
v

ic
ia

n
 

Maquoketa 

Maquoketa 
Lowermost 

USDW 

Kope Undifferentiated Unconsolidated glacial deposits 

Trenton Gas Production Gas production target to be avoided 

Black River 
Black River 

Undifferentiated Unconsolidated  

Pecatonica 

Ancell 

Joachim 

Gull River 

Glenwood 

Knox 

Knox 
Monitoring 

Interval The Knox is composed of white to brown, very fine 

to coarse-grained, crystalline to sugary dolomite, 

containing pyrite, white and light blue oolitic chert, 

and dolomite rhombs with fossil fragments. 

Portions of the Knox are vuggy and thus the unit 

Shakopee 
Potential 

Secondary 

Confining 

Oneota 

C
a

m
b

r

ia
n

 

Potosi 
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Potsdam 

Davis 
(~988 ft thick) contains some intervals capable of acting as 

buffering units.  

Eau Claire 

Primary 

Confining 

(~487 ft thick) 

Interbedded shales, and dolomite. Interbedded 

green and reddish-brown glauconitic shales are 

more prevalent near the top of the formation.  

Eau Claire 

 Silt 

Potential 

Secondary 

Storage 

Formation 

(~59 ft thick) 

Interbedded glauconitic sandstones, siltstones, 

shales. Siltstones and sandstones are light to 

medium greenish-gray, brown, or very light orange. 

Mt Simon 
Injection Zone 

(~501 ft thick) 

Lies unconformably upon the Middle Run 

(Precambrian). This is evident by the abrupt change 

from the poorly sorted, heterogenous, angular, well 

cemented rocks of the Middle Run and the lighter, 

homogenous, less cemented partially friable basal 

Mt. Simon Sandstone.  

P
re

ca
m

b
ri

an
 

Precambrian 

Middle Run 

and 

Precambrian 

Basement 

Lower Confining 

The Middle Run is generally a medium to dark 

reddish brown, argillaceous, well-sorted, fine 

grained quartzose feldspathic sand. 

The Precambrian basement consist of rhyolite, 

trachyte, and fine grained, micrographic to 

granophyric granite of extensional tectonic origin. 

To develop the best understanding of the site-specific geology for the project a comprehensive 

database was compiled of publicly available geophysical well logs from Indiana and Ohio. 

Interpretation of these well logs were used to develop the static model for the region. Within 50 

miles, 17 wells penetrate the Mt. Simon Sandstone. These wells were used to assess the geology 

at the project site.  

The closest wells that penetrated the Mt. Simon Sandstone and have well log data are 

approximately 12 to 15 miles southwest and 20 miles northwest of the project site. The closest 

well that penetrated the Precambrian basement with log data is approximately 28 miles east of 

the project site. Minimal data availability from formations below the Trenton does not allow for 

detailed maps for these formations. Additionally, there were 306 Trenton wells within 25 miles 

of the project used for modeling of shallower horizons.  

Figure 13 displays the well logs from nine offsetting wells that penetrate the Trenton Limestone 

and deeper formations. Six of the wells are within eight miles of the site which penetrate the 

Trenton Limestone through to the Potosi Formation (Table 5).  Only three geophysical well logs 

penetrate the Precambrian basement and provide data for the full Mt. Simon Sandstone section 

within 12 – 28 mi of the project. The cross section shows: 

• The Maquoketa Shale to Trenton Limestone formations thicken to the east 

• Slight thinning to the east  

o Trenton Limestone to Knox Unconformity  

o Knox Group to Eau Claire Formation 

o Eau Claire Formation to Mt. Simon Sandstone  
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Figure 13: Cross section - thickening of Maquoketa to Trenton to the east and slight thinning to the east. 

 

Structure and thickness maps were generated for the Precambrian, Mt. Simon Sandstone, Eau 

Claire Formation, and Trenton Limestone using existing publicly available well log data (Figure 

14 to Figure 17). The proposed CCS1 well location is shown on each map along with the broad 

Indiana-Ohio platform and the associated arches. The maps demonstrate the continuous nature of 

these formations throughout the region, and do not show evidence for regional pinch-outs or 

structural traps in these formations. 
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Figure 14: Regional Precambrian lower confining zone elevation 

Precambrian Elevation (fbsl)
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Figure 15: Regional Mt Simon Sandstone injection zone a) elevation and b) thickness 

Mt Simon Elevation (fbsl)

Mt Simon to Precambrian Thickness (ft)

a)

b)
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Figure 16: Regional Eau Claire Formation upper confining zone a) elevation and b) thickness 

 

Eau Claire Elevation (fbsl)

Eau Claire to Mt Simon Thickness (ft)

a)

b)
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Figure 17: Regional Trenton Limestone elevation  

 

The Knox Dolomite has been identified as a secondary confining zone should injection zone 

fluids migrate past the Eau Claire Shale (Section 2.2.1.3). Low porosity and permeability values 

have been measured in part of the Knox Dolomite that corresponded to siltstones, shales, and 

dense dolomites at the INEOS (BP Lima) Nitriles disposal site (INEOS USA, LLC, 2015) 

 

Trenton Elevation (fbsl)
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2.3 Faults and Fractures [40 CFR 146.82(A)(3)(ii)] 

Based on Class I well research, it is anticipated that fracture occurrence will likely be a localized 

phenomenon with a few short and open natural fractures (AK Steel Cleveland-Cliffs Steel 

Corporation, March 15, 2021; INEOS (BP Lima) Nitriles, August 22, 2016). The Pre-

Operational Testing Program details the geophysical log and core data that will be acquired and 

evaluated to characterize potential fractures that could impact the long-term integrity of the 

confining zone (Attachment 5: Pre-Op Testing Program, 2022).   

Three 2D seismic lines (Line 1 EW, Line 2 NS, Line 3 Short NS) were acquired and interpreted 

to provide information on the subsurface structure around at the project (Figure 18). 

Approximately 19 miles of seismic data were acquired in early 2021 by Integrity Geophysical 

Services, Inc. The data were acquired with a vibrator truck using a one (1) millisecond sample 

rate, a broad band and long duration sweep, with multiple sweeps and diversity stacking. A stack 

fold of 144 was achieved for the acquisition on the surveys. The seismic lines were reprocessed 

by Earth Signal (Calgary, Alberta, Canada).  

Interpretation of the Precambrian structure have identified features that could be interpreted as 

minor or fracture planes (Figure 19 to Figure 22). Seventeen potential minor faults were 

identified; however, it should be noted that some of these features may also be related to 

Precambrian topography rather than actual faulting.  

The interpreted faults were depth converted and an attempt was made to interpret them in a 

three-dimensional (3D) space; however, given the nature and geometry of 2D surface seismic 

data, the 3D fault interpretation was highly uncertain and inconclusive. The future 3D seismic 

survey will provide more detail on 3D geometry (length, displacement etc.) of these minor faults. 

The layout of the 3D seismic survey is currently being designed to obtain full fold data over the 

predicted extent of the CO2 plume after 30 years of injection and a 10 year PISC period 

(Attachment 7: Testing And Monitoring, 2022).  

Some of the interpreted features appear to extend into the Mt. Simon Sandstone and have a 

maximum throw of approximately 42 ft. Uncertainties associated with these features include: 

• Whether the features are minor faults or related to Precambrian topography 

• Locations of these fault planes in 3D space  

The Trenton Limestone and Eau Claire Formation reflectors are a constant throughout the area 

with no evidence of faulting (Figure 19 to Figure 22). Based on interpretations of this data the 

minor faults identified are not expected to act as conduits through the confining zone and 

USDWs will not be endangered. 

At this time, no studies have been completed into the sealing capacity of these faults as they do 

not transect the confining zone. After the project acquires a baseline 3D surface seismic survey, 

if it becomes apparent that the minor faults do transect the confining zone the sealing capacity of 

the faults will be assessed at that time.   

The project also plans to acquire a baseline 3D surface seismic survey that will be used to: 

• Evaluate the properties of the injection zone and confining zone away from the project 

wells, 

• Further characterize the potential faults in the Precambrian basement within the AoR, and 

• Characterize Precambrian basement topography. 
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The data gathered during the pre-operational phase of the project will be used for geomechanical 

modeling. The geomechanical modeling will help determine if the minor faults identified in the 

surface seismic data are stable or whether they are critically stressed.   

 

Figure 18 Seismic program location 

 

Figure 19: Confidential Business Information:  2D seismic lines two-way time (TWT) in a 3D view  

 

Figure 20: Confidential Business Information:  2D surface seismic Line 1 EW  

 

Figure 21: Confidential Business Information: 2D surface seismic Line 2 NS  

 

Figure 22: Confidential Business Information: 2D surface seismic Line 3 short NS 

 

Union City

Winchester

Indiana Ohio
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2.4 Injection and Confining Zone Details [40 CFR 146.82 (a)(3)(iii)] 

2.4.1 Formation Tops and Mapping 

The 2D seismic lines acquired for the project provide valuable site-specific information about the 

structural character of the Mt Simon Sandstone and Eau Claire Formation. The Trenton, Knox, 

Eau Claire, Mt Simon Sandstone and Precambrian horizon tops were first interpreted in the TWT 

domain and then depth converted so they could be incorporated into the geological structural 

model (Figure 19 to Figure 22).  

Seismic well tie analysis (Figure 23) was completed to calculate the relationship between the 

TWT horizon interpretations and the interpreted structural surfaces in the depth domain. Ideally, 

the seismic data should be tied to a nearby well with good well log data; however, given the lack 

of well penetrations of the Mt. Simon Sandstone in the region, the closest well with reliable sonic 

and density data was 53 miles to the southeast (OH34017200040000). The well log data from 

this well was transposed into a synthetic well at the intersection of Line 1 EW and Line 2 NS and 

used to generate a synthetic seismogram. The synthetic seismogram was used to tie the well log 

data in depth and the 2D surface seismic data in TWT. Once this relationship was established, 

the interpretations of the horizons in TWT were converted to the depth domain and integrated 

into the structural framework model of the local area. 

 

Figure 23: Seismic well tie 

The convergent interpolation method was able to interpolate the details of the seismic 

interpretation between the seismic lines with the well tops. Horizons between the seismic 

interpretable horizons were generated using convergent interpolation and were matched to 

seismic interpretable horizons.  

There is some uncertainty in the precision in the depth conversion due to the offset of the well 

data; however, the character of the seismic lines shows a relative consistency in the thickness of 

the Mt Simon Sandstone injection zone and Eau Claire confining zone. When the project 
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acquires a 3D surface seismic survey and drills the first well at the site, this relationship will be 

re-assessed and the current uncertainties will be reduced substantially. 

The well logs and the depth converted seismic horizons were used to generate structural surfaces 

for the Eau Claire, Mt Simon Sandstone, and Precambrian horizons (Figure 24 to Figure 27). 

Thickness maps for the Eau Claire Formation and Mt Simon Sandstone are presented in (Figure 

28). 

 

 

Figure 24: Seismic based local elevation maps. A) Eau Claire, b) Mt Simon Sandstone, c) Precambrian 

 

The 2D seismic lines show variations in elevation of 41 ft were interpreted at the top of the Eau 

Claire Formation horizon, and the top of the Mt. Simon Sandstone shows elevation variations of 

95 ft (Figure 25 and Figure 26). Elevation variations of up to 138 ft within the Precambrian 

basement (Figure 27). The topographic details of these hills and valleys between the lines will 

remain uncertain until a baseline 3D seismic survey is acquired and interpreted.  

The elevation variations interpreted in the horizons are minor and do not show any significant 

thinning of the injection or confining zones. CO2 plume development is expected to be controlled 

in part by heterogeneities in the injection zone as opposed to any structural features or 
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stratigraphic thinning. The confining zone will provide a thick, consistent barrier to upward 

migration of injection zone fluids over time. 
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Figure 25: AoR Eau Claire upper confining zone surface a) elevation and b) TVD 

Eau Claire Elevation (fbsl)

Eau Claire TVD (fbgs)

a)

b)
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Figure 26: AoR Mt Simon Sandstone injection zone surface a) elevation and b) TVD 

Mt Simon TVD (fbgs)

Mt Simon Elevation (fbsl)

a)

b)
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Figure 27: AoR Precambrian lower confining zone surface a) elevation and b) TVD 

Precambrian Elevation (fbsl)

Precambrian TVD (fbgs)

a)

b)



Plan revision number: N/A 

Plan revision date: July 4, 2022 

Attachment 1: Class VI Permit Application Narrative; Hoosier #1 Project  Page 48 of 97 

Permit Number: PERMIT NUMBER 

 

Figure 28: AoR Thickness Maps a) Eau Claire confining zone and b) Mt Simon Sandstone injection zone 

 

Eau Claire Thickness (ft)

Mt Simon Thickness (ft)

a)

b)



Plan revision number: N/A 

Plan revision date: July 4, 2022 

Attachment 1: Class VI Permit Application Narrative; Hoosier #1 Project  Page 49 of 97 

Permit Number: PERMIT NUMBER 

2.4.2 Porosity and Permeability 

Three wells have provided significant data to assist in the characterization of the injection and 

confining zones: IN133540 and two Class I injection wells in Ohio (Figure 29). These wells have 

well logs, core, and fluid injection data covering the complete Mt. Simon Sandstone section. The 

data from these wells represent the nearest analog for how the injection and confining zones may 

perform and are believed to be reasonably representative of the injection zone at the project site. 

The data from these wells were used as a calibration point for the petrophysical analysis of eight 

wells in the region (Figure 29).    

 

Figure 29: Wells used for injection zone, confining zone and petrophysical analysis 

 

2.4.2.1 Mt. Simon Sandstone 

The Mt. Simon Sandstone lies unconformably upon the Middle Run Formation. There is an 

abrupt change from the poorly sorted, heterogenous, angular, well cemented rocks of the Middle 

Run Formation and the lighter, homogenous, less cemented partially friable basal Mt. Simon 

Sandstone (Saeed, 2002). The Mt. Simon Sandstone can be sub-divided into two lithologic 

packages related to depositional environment. The lower portion likely represents a fluvial-

deltaic environment with increasing marine influence towards the top of the sequence. The upper 

portion represents a transitional marine sequence characterized by the presence of glauconite. 
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Section 2.1.1.1 discusses the regional mineralogy and petrology of the Mt. Simon Sandstone in 

detail. The Mt. Simon Sandstone contains feldspar, potentially carbon cement, and clay minerals. 

Some of these minerals are reactive with CO2. And it is expected that there will be changes to the 

aqueous geochemistry of the Mt. Simon Sandstone fluids once CO2 injection commences. Site 

specific information about the injection zone will be acquired when the project wells are drilled 

through the pre-operational testing program that will include well logging, fluid sampling, and 

core acquisition and analysis (Attachment 5: Pre-Op Testing Program, 2022). This data can be 

used for geochemical modeling that will predict the geochemical reactions likely to occur in the 

injection zone with the introduction of CO2 to the formation. 

Table 6 summarizes the porosity and permeability values for the Mt. Simon Sandstone that were 

derived from the AK Steel, INEOS (BP Lima) Nitrile, and 133540 wells (AK Steel Cleveland-

Cliffs Steel Corporation, March 15, 2021; INEOS (BP Lima) Nitriles, August 22, 2016). The 

values in the table were derived from a combination of core and reservoir testing. These values 

were incorporated in the static model developed for the project (Attachment 2: AoR and 

Corrective Action, 2022).  

Table 6: Summary of porosity and permeability values for the Mt. Simon Sandstone from three wells in the region 

Well Porosity Range (%) 
Permeability Range  

Millidarcy (mD) 

AK Steel Core: 4.9 – 21.1, Avg = 13.5 

Well Log: 5 – 21  

0.1 – 8520 

INEOS (BP Lima) Nitrile 2.6 – 20.8 0.0005 – 645 

133540 Core: Avg = 8.5  

Well logs and core analyses completed as part of the pre-operational testing program will be 

used to further characterize the porosity and permeability of the injection zone (Attachment 5: 

Pre-Op Testing Program, 2022). The baseline 3D surface seismic data will be calibrated to the 

well data and used for inversion analysis. This will allow the project to characterize variations in 

porosity and lithology away from the project wells for the entire injection zone over the imaging 

area of the 3D surface seismic data volume. 

Computational modeling has confirmed that the injection zone will have the capacity to store 450 

kt/ yr and a total of 13.5 million tons of CO2 over a 30-year injection period (Attachment 2: AoR 

and Corrective Action, 2022). 

2.4.2.2 Eau Claire Formation 

Section 2.1.1.4 discusses the regional mineralogy and petrology of the Eau Claire Formation in 

detail. The Eau Shale includes interbedded green and reddish-brown glauconitic shales. The Eau 

Claire Silt is composed of glauconitic siltstone and very fine-grained sandstone. The Mt. Simon 

Sandstone is transitional with the base of the Eau Claire Formation, and CO2 is expected to 

migrate into this part of the Eau Claire Formation over time.  

The minerals in the Eau Claire formation are not expected to be reactive with CO2 over time. 

However, the site specific information about the confining zone that is acquired when the project 

wells are drilled through the pre-operational testing program will be used for geochemical 

modeling to establish whether or not prolonged contact with CO2 will impact the integrity of the 

confining zone (Attachment 5: Pre-Op Testing Program, 2022).  
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In 1988, the ODNR drilled a stratigraphic test in Warren County to investigate the presence of 

Precambrian rifting. The well substantiated the theory with the discovery of Precambrian aged 

sedimentary rocks. During detailed geologic analysis of this well, three facies were identified 

from thin section within the Eau Claire Formation (Table 7).  

Table 7: Eau Claire Formation facies identified in the Warren County stratigraphic test well 

Facies Depth (ft) 
Effective 

Porosity (%) 
Permeability Range (mD) 

Bioclastic Oolitic 

Packstone/Grainstone 

One sample: 

2,690.8 
0.3  

Silty Dolomite/Dolomitic 

Siltstone 

Eight samples: 

2,714.6 – 3,015.2 
3.4 Less than 0.01 mD detection limit 

Glauconitic Fine-Grained 

Sandstone Five samples:  

3,049 – 3,149.9 

3,107 – 3,108 

 

 

 

 

 

Vertical: 0.86 

Horizontal: 0.86 

 

The sample in the Glauconitic Fine-Grained Sandstone facies at 3,107 – 3,108 ft showed 

different vertical and horizontal air permeabilities showing that the Eau Claire Formation is 

anisotropic at this interval (Table 7). An interval with a relatively high horizontal permeability 

provides a valuable buffer to attenuate possible fluid pressure buildup. According to the report 

on thin section examination of the test hole core, porosity in the sample 3,107 ft— 3,108 ft has 

developed due to dissolution of dolomite. Secondary fracture porosity was not noted (Kemron 

Environmental Services, Inc, 2018). 

Porosity and permeability measurements taken from INEOS (BP Lima) Nitriles facility provide 

site-specific information about the regional permeability of the Eau Claire Formation and are 

considered correlative to the project site. Porosities measured from core samples range from 

0.1% to 10.1%, and permeabilities measured in the cores range from 0.000017 mD to 0.25 mD 

(Table 8). 

 

Table 8: INEOS (BP Lima) facility Eau Claire porosity and permeability (INEOS USA, LLC, 2015) 
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Eau Claire Formation core permeability measurements taken from AK Steel disposal well also 

provide site-specific information about the regional permeability of the confining zone and are 

considered representative of the project site (Table 9). Fluid permeabilities measured in the cores 

range from 3.43 x 10-2 to less than 1 x 10-6 mD. Eight of the ten samples tested had no 

measurable fluid permeability.  

 

Table 9: AK Steel UIC Well1 Core Flow Study results for the Eau Claire Formation permeability  

(Kemron Environmental Services, Inc, 2018) 

 

 

Core permeability measurements taken from AK Steel UIC Well No. 1, DGS 2627 and Betty 

Leuenberger No. 1 well show that the effective vertical permeability of the Eau Claire Formation 

does not exceed 10-2 mD and is more likely to be 1 x 10-4 mD or less. The effective vertical 

permeability of 10-1 mD assigned to the arrestment interval in the model builds in an additional 

margin of safety of one to three orders of magnitude (Kemron Environmental Services, Inc, 

2018). 

Well logs and core analyses completed as part of the pre-operational testing program will be 

used to further characterize the porosity and permeability of the confining zone (Attachment 5: 

Pre-Op Testing Program, 2022). The baseline 3D surface seismic data will be calibrated to the 

well data and used for inversion analysis. This will allow the project to characterize variations in 

porosity and lithology away from the project wells for the entire confining zone over the imaging 

area of the 3D surface seismic data volume. 

The capillary pressure of the confining zone is not known, but it is not considered to be a 

significant factor in confining zone integrity. The permeability of the confining zone is very low 

and is not likely to allow any migration of CO2 vertically. The capillary pressure and 

permeability of the Eau Claire Shale will be measured as part of the core analysis completed as 

part of the pre-operational testing program (Attachment 5: Pre-Op Testing Program, 2022). 

Geomechanical modeling of the confining zone integrity was completed using step-rate test 

results from the INEOS (BP Lima) Nitriles disposal site (INEOS (BP Lima) Nitriles, August 22, 

2016). This modeling demonstrated that the increase in effective stress on the confining zone 

associated with injection rates of 400 kt/yr would not be large enough to open any existing 

fractures in the confining zone. Even if the project were to increase the injection rate to 1.9 
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Million Metric Tons per Year (MMT/yr) the increases in effective stress would not be enough to 

open existing fractures. 

2.4.2.3 Knox Formation 

The Knox Dolomite is a potential secondary confining zone for the project and has been 

identified as a potential above confining zone (ACZ) monitoring interval. It is primarily a 

dolomite that is composed of white to brown, very fine to coarse-grained, crystalline to sugary 

dolomite, containing pyrite, white and light blue oolitic chert, and dolomite rhombs with fossil 

fragments. Portions of the Knox Dolomite are vuggy and thus the unit contains some intervals 

capable of acting as buffering units. Occasional frosted subangular quartz grains cemented with 

calcium carbonate are noted, as are glauconitic siltstones and dark gray to black shale (Kemron 

Environmental Services, Inc, 2018). 

At the INEOS (BP Lima) Nitriles disposal site, the Knox Dolomite has been identified as the 

confining zone. Core-derived porosity and permeability in the lower one third of the Knox 

Dolomite indicate that porosity ranges from less than 0.1 to 14.5 percent and permeability from 

0.00005 md to 24.1 md (Table 10). The lower values correspond to the siltstones, shales, and 

dense dolomites while the upper values correspond to the vugular and sandy dolomites. 

 

Table 10: Knox Dolomite porosity and permeability from the INEOS (BP Lima) Nitriles disposal site 

 (INEOS USA, LLC, 2015) 

 

Calculations made using AK Steel #1 well log show the Knox Dolomite porosity ranges from 

0% to 4%. A few thin beds that are approximately 3 to 5 ft thick with porosities of approximately 

9% are scattered throughout the formation (Kemron Environmental Services, Inc, 2018). 

Well logs acquired as part of the pre-operational testing program will be used to further 

characterize the porosity and permeability of the Knox Group formations and verify that some of 

the formations will provide an effective secondary confining interval (Attachment 5: Pre-Op 

Testing Program, 2022). The well logs are expected to identify a porous, permeable interval 

under the Knox Unconformity that can be used as a ACZ monitoring zone. The baseline 3D 

surface seismic data will be calibrated to the well data and used for inversion analysis. This will 

allow the project to characterize variations in porosity and lithology away from the project wells 

for the Knox Group formations over the imaging area of the 3D surface seismic data volume. 
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2.5 Geomechanical and Petrophysical Information [40 CFR 146.82 (a)(3)(iv)] 

2.5.1 Geomechanics  

Simple geomechanical modeling was completed to test the integrity of the confining zone. The 

computation modeling results were used as input to for the geomechanical modeling (Attachment 

2: AoR and Corrective Action, 2022). Geomechanical information for the Eau Claire and Mt. 

Simon formations was found in the INEOS (BP Lima) Class I permit (Table 11). The average 

values were used to model the Eau Claire confining zone integrity given the anticipated injection 

rate of 400 kt/Y. In addition, step-rate test data and information on the breakdown, propagation, 

and closure gradients were obtained from this permit to support the modeling of the confining 

zone integrity (Figure 30 and Table 12). 

Table 11: Summary of Young’s Modulus, Poisson’s Ratio, and Bulk Compressibility values from the INEOS (BP Lima) 

Nitriles UIC permit (INEOS USA, LLC, 2015). 
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Figure 30: Geomechanical data from the INEOS (BP Lima) Nitriles disposal site. A. step rate test results b. breakdown, 

propagation, and closure gradients (INEOS (BP Lima) Nitriles, August 22, 2016) 

 

Table 12: Summary of breakdown, propagation, and closure gradients and pressures for the top of the Mt. Simon 

Sandstone at 3,100 ft based on the INEOS (BP Lima) Nitriles permit (INEOS (BP Lima) Nitriles, August 22, 2016) 

 Gradient (psi/ ft) Pressure (psia) 

Breakdown 0.842 2,610 

Propagation 0.776 2,406 

Closure 0.690 2,139 

The geomechanical modeling predicted an initial mean effective stress of 795 and 966 psi for the 

tops of the Eau Claire Formation and Mt. Simon Sandstone, respectively. It also predicts a 

maximum increase in pore pressure of 378 psi at the top of the Mt. Simon Sandstone, which is 

below the pressures required to open fractures within the Eau Claire Shale. It also showed no 

evidence of CO2 migration into the Eau Claire Shale after 30 years of injection. Even at injection 

rates of 1.9 MMT/yr, the decrease in effective stress on the confining zone was not enough to 

open existing fractures. 

During the pre-operational phase of the project, a variety of site-specific data from the confining 

and injection zones will be acquired in the project wells to support further geomechanical 

modeling. These data include: 

• Caliper and image logs,  

• Triaxial testing to establish geomechanical parameters such as rock strength, Young’s 

Modulus, Poisson’s Ratio, and fracture gradient, 

• Step-rate testing.  

a. Step Rate Test Results b. Gradient Measurements
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2.5.2 Petrophysics 

Petrophysical analysis of the Eau Claire, Mt Simon, and Precambrian formation was completed 

on eight wells in the region (Figure 29). Log ascii standard (LAS) files and routine core data was 

acquired from the Indiana Geological & Water Survey and Ohio Division of Oil & Gas public 

data sources. These wells were the only wells within the Mt Simon Sandstone that had reliable 

data. The vintages of the data from these wells range from 1966 -1985, as a result data quality is 

variable. The log data associated with these wells is shown in Table 13.  

Aptian Technical Ltd. and CORE Petrophysical Consulting Inc completed the petrophysical 

analysis using PowerLog and Geology respectively.  

Table 13: Available well logs used for petrophysical analysis 

Wells Year Logs 

IN144601 1966 Gamma, Neutron Porosity, Density,  

IN133540 1968 

Gamma, Caliper, Med Induction, Neutron Porosity, 365 Core Plugs 

(Porosity, horizontal Max Perm (kmax), perm vertical/perm horizontal) 

kv/kh) 

OH34017200040000 1967 
Gamma, Sonic, Neutron Porosity, Density Porosity, Density, 85 Core Plugs 

(Porosity, kmax, kv/kh) 

OH34161200440000 1973 Gamma, Sonic, Neutron Porosity, Density,  

IN136060 1967 Gamma, Neutron Porosity, 575 Core Plugs (Porosity, komax, kv/kh) 

OH34003200670000 1968 
Gamma, SP, Caliper, Deep Induction, Med Induction, Density, 47 Core 

Plugs (Porosity, kmax, kv/kh) 

OH34149201030000 1985 
Gamma, Caliper, Sonic, Deep Induction, Neutron Porosity, Density, 

Photoelectric,   

OH34107201410000 1971 Gamma, Caliper, Neutron Porosity, Density Porosity, Density,  

Core and log data were calibrated to Class I water disposal wells at AK Steel and INEOS (BP 

Lima) and used as a primary input to the geomodel (Figure 7). These Class I wells have years of 

injection volumes and significant geologic and reservoir data sets, all of which were used to 

model the injection and confining intervals. Using the Class I wells as analogs petrophysical 

analysis was completed on these and other well logs. Histograms and cross plots were made 

using this data which enabled better analysis of wells which did not have core data and improved 

the geologic model. 

The petrophysical analysis was completed to estimate the facies, porosity, and permeability of 

the confining and injection zones. Core data was available in four of these wells and was used to 

guide the petrophysical calculations. Preprocessing work was required to get the raw log data 

ready for the petrophysical calculations. This included a depth shift of curves, unit correction for 

consistency, and creation of synthetic curve data to remedy intervals of bad data and missing 

logs. 

While deriving porosity and permeability curves for these wells, the core (porosity and 

permeability) plug measurements were used as a calibration point. Core measured porosity and 

permeability values were very erratic with high and low values that occurred at specific depth 

ranges. This may indicate the presence of natural fractures. A relationship with the gamma, 

https://igws.indiana.edu/pdms/Map/
https://gis.ohiodnr.gov/MapViewer/?config=oilgaswells
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neutron porosity, sonic, and density logs was used to derive the petrophysical properties for the 

eight wells which included: 

• Volume Clay (VCLAY),  

• Facies 

o Sandstone 1 (Mt Simon Sandstone) 

o Sandstone 2 (Mt Simon Sandstone) 

o Silty sandstone (Eau Claire and Davis) 

o Shale (Eau Claire) 

o Limestone (Davis and small amounts in Eau Claire) 

o Dolomite (Davis) 

o Precambrian (Precambrian) 

• Mineralogy (where the data quality was reliable) 

o Volume Shale 

o Volume Quartz 

o Volume Limestone 

o Volume Dolomite 

o Volume Sphalerite 

• Effective Porosity  

• Permeability  

Figure 31 to Figure 34 show the results of the petrophysical analysis for IN 133540, the AK 

Steel, INEOS (BP Lima) Nitrile, and IN144601 wells. The porosity and permeability 

relationships were calculated for each facies type (Figure 35). The petrophysical results in the 

Precambrian basement were not considered reliable. The petrophysical log results were 

calibrated to core by adjusting the petrophysical model to align with the core data. The expected 

heterogeneities were resolved by establishing a best fit between input logs and output 

petrophysical logs (Table 13). The input core data showed the vertical anisotropy (kv/kh) to be 

about 5. The porosity and permeability relationships presented in Figure 35 were used to develop 

the static model (Attachment 2: AoR and Corrective Action, 2022). 

The petrophysical calculations within the Eau Claire Formation and Mt Simon Sandstone show a 

reasonable estimate of porosity and permeability despite the vintage of the log data. The 

petrophysical analysis will be re-visited once the project acquires site-specific well logs and core 

data in the project wells (Attachment 5: Pre-Op Testing Program, 2022).  

 

Figure 31: Confidential Business Information: IN133540 input data and petrophysical analysis 

 

Figure 32: Confidential Business Information: AK Steel input data and petrophysical analysis 

  

Figure 33: Confidential Business Information: INEOS (BP Lima) Nitriles input data and petrophysical analysis 

 

Figure 34: Confidential Business Information: IN144601 input data and petrophysical analysis 

 

Figure 35: Confidential Business Information: Effective porosity and permeability cross plots with core plugs (grey) 
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2.6 Seismic History [40 CFR 146.82(a)(3)(v)] 

The project site is located in an area of the United States which is classified by the Federal 

Emergency Management Agency (FEMA) as earthquake hazard category A/White where there is 

a very small probability of experiencing damaging earthquake effects (Figure 36 and Table 14). 

The United States Geological Survey (USGS) keeps an up-to-date online library of earthquakes 

and seismic events that have occurred in the United States from 1800 to the present day (USGS, 

2022). Figure 37 and Table 15 display the epicenter of each of the 2.5 or greater magnitude 

earthquakes (or seismic events) recorded within a 100-mile radius of the project site from 1800 

to February 2022 (USGS, 2022). In addition, Figure 38 is a merged map of earthquake epicenters 

and bedrock structural features from the Indiana Geological and Water Survey (IGWS) and the 

ODNR Division of Geological Survey.  

All the earthquakes since 2004 have had a magnitude of less than four. The nearest epicenter to 

the project was approximately 20 miles north. The event occurred in 1990 and was 3.0 

magnitude. The most recent earthquake occurred on June 12, 2015, approximately 53 miles from 

the project site and had a magnitude of 2.6. The largest recorded earthquake (5.4 magnitude) 

within 100 miles occurred on March 9, 1937 and had a magnitude of 5.4; it was approximately 

36 miles from the project site. No earthquakes have been identified that have an epicenter within 

the project AoR. 

The Hoosier #1 Project is located is in an area with minimal earthquake activity, which suggests 

that there are no major structural faults in proximity to the project site. Section 2.1.2 discusses 

the status of the questionable Auglaize Fault; this fault is not expected to present a hazard to the 

project. 
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Figure 36: FEMA Earthquake Hazard Map (FEMA, 2022) 
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Table 14: FEMA Earthquake Hazard Level (FEMA, 2022). 
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Figure 37: 2.5 or greater magnitude epicenters within 100 miles from 1800 to February 2022 (USGS, 2022) 

 

Table 15: 2.5 or greater magnitude epicenters within 100 miles from 1800 to February 2022 (USGS, 2022). 
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Figure 38: Earthquake epicenters and bedrock structural features 

 

2.7 Hydrologic and Hydrogeologic Information [40 CFR 146.82(a)(3)(vi), 146.82(a)(5)] 

The following sections provide information regarding available drinking water resources and 

delineation of the lowermost USDW within the AoR. The AoR and Corrective Action Plan 

includes a discussion of the number and locations of the groundwater wells within the AoR 

(Attachment 2: AoR and Corrective Action, 2022). 

2.7.1 Regional Hydrology 

The project is located in the Central Till Plain section of the New Castle Till Plains and 

Drainageways physiographic province (IGWS). During the Pleistocene Epoch, the region was 

exposed to Illinoisan and Wisconsin glaciation. Post-glacial streams have deposited up to 400 ft 

of valley fill along stretches of the major river systems. The glacially derived cover is generally 

less than 50 ft to over 300 ft thick in Randolph County (Figure 39).  
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Figure 39: IGWS/ IndianaMAP unconsolidated thickness (Contour Interval (CI) = 50 ft) (State of Indiana, 2022). 

 

2.7.2 Local Hydrology 

In Randolph County, a relatively thin veneer of glacially derived sediments covers the bedrock 

surface. The project site is in the Upper Wabash River Basin and sits between the Price and 

Shelley Ditches, which are tributaries to the Little Mississinewa River to the northeast. Elevation 

of the ground level at the project site averages approximately 1,100 ft above mean sea level 

(MSL). Groundwater flow direction in the glacial aquifer at the project site follows the bedrock 

surface contours and is generally towards the north as can be seen in Figure 40.  
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Figure 40: IGWS/ IndianaMAP bedrock surface contours (CI = 50 ft) (State of Indiana, 2022). 

 

2.7.3 Near Surface Aquifers 

Cardinal Ethanol completed a groundwater resource assessment in 2007 and was used for some 

of the content in this section (Leggette, Brashears, and Graham, Inc., 2007). 

The project is in the Little Mississinewa River watershed. The main source of groundwater is the 

unconsolidated glacial aquifers. The project site is underlain by approximately 120 ft of glacial 

overburden which further overlies approximately 1,012 ft of Upper Ordovician Cincinnatian 

Series (Figure 41). The Cincinnatian Series is a succession of fossiliferous limestone and gray 

calcareous shale or siltstones that can be subdivided into the Kope and Maquoketa formations. 

The main aquifer systems in the area are the New Castle Till and Bluffton Till Aquifer Systems 

(Figure 42). In Randolph County, these aquifer systems are mapped as one system because the 

aquifer characteristics are similar. They are composed primarily of glacial tills that are separated 

by intratill sand and gravel aquifers of limited thickness and extent. Unconsolidated deposits 

range in thickness from less than 50 to 250 ft but are typically 80 to 150 ft thick. Potential 
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aquifer materials include sands and gravels that are commonly 5 ft thick. In places, the New 

Castle Till Aquifer System and Bluffton Till Aquifer System overlie deep bedrock valleys. 

However, in Randolph County, there is little known unconsolidated aquifer potential in the 

valleys below these systems. 

The New Castle Till Aquifer System and Bluffton Till Aquifer System generally have a low 

susceptibility to surface contamination because intratill sand and gravel units are commonly 

overlain by thick glacial till.  

Table 16 summarizes the significant water withdrawal facilities using sand & gravel aquifers 

(Leggette, Brashears, and Graham, Inc., 2007). IGWS has records for the offsetting groundwater 

wells shown in Figure 43. 

 

Figure 41: IGWS/ IndianaMAP unconsolidated thickness (CI = 50 ft) (State of Indiana, 2022) 
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Figure 42: IDNR unconsolidated aquifer system map. The red hatching indicates till over a buried valley. 

(Unterreiner, Unconsolidated Aquifers Systems of Randolph County, Indiana, 2006) 
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Table 16: Significant water withdrawal facilities using sand & gravel aquifer   

(Leggette, Brashears, and Graham, Inc., 2007). 
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Figure 43: Offsetting freshwater well data (State of Indiana, 2022).  

The depths and flow rates for each well are indicated on the map. 

 

The Cardinal Ground Water Resource Assessment 2007 also details shallow geology and 

hydrogeology in the area. Figure 44 shows the location of two cross sections (Figure 45, Figure 

46).  Figure 47 shows offsetting sand and gravel deposits. 

file:///C:/Users/Brad/Vault%2044.01/Vault%2044.01%20-%20Geology%20-%20Geophysics/STATE%20DATA/IN/Cardinal/Fresh%20Water
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Figure 44: Locations of the geologic cross sections presented in the preceeding figures 

 (Leggette, Brashears, and Graham, Inc., 2007) 

 

CARDIN

AL 



Plan revision number: N/A 

Plan revision date: July 4, 2022 

Attachment 1: Class VI Permit Application Narrative; Hoosier #1 Project  Page 70 of 97 

Permit Number: PERMIT NUMBER 

 

Figure 45: North-south geologic cross section A - A' of near surface aquifers (Leggette, Brashears, and Graham, Inc., 

2007) 

 

Figure 46: East-west cross section B - B' of near surface aquifers (Leggette, Brashears, and Graham, Inc., 2007) 
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Figure 47: Offsetting sand and gravel deposits cross section frp, the Terracon borings in the area around the project 

(Leggette, Brashears, and Graham, Inc., 2007) 

 

2.7.4 Determination of Lowermost USDW 

A USDW is defined by the EPA as an aquifer that (40 CFR 146.3): 

• Supplies any public water system 

• Contains a sufficient quantity of groundwater to supply a public water system; and 

o Currently supplies drinking water for human consumption, or 

o Contains fewer than 10,000 mg/l total dissolved solids (TDS), 

• Which is not an exempted aquifer. 

For the purposes of this project, the lowest USDW depth is identified by Permit Number 30922 

(IGS Well ID/PDMS 144860) located 1.5 miles SW of Cardinal CCS1 (Attachment 2: AoR and 

Corrective Action, 2022). The Well Plugging Plan for this well identifies the lowest USDW at 

450 ft as shown in Figure 48. Figure 49 shows the appended geophysical log indicating 

Maquoketa Shale top at 240 ft and lowest USDW (450 ft). 

https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=c08a47f7f928c1501b6902f6ec5485f1&term_occur=999&term_src=Title:40:Chapter:I:Subchapter:D:Part:146:Subpart:A:146.3
https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=7863ae3f4979d8a50d70548fc79d7c3b&term_occur=999&term_src=Title:40:Chapter:I:Subchapter:D:Part:146:Subpart:A:146.3
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Figure 48: Permit Number 30922 (IGS Well ID/PDMS 144860) well plugging plan. USDW is identified at 450 ft by IDNR. 
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Figure 49: Permit Number 30922 (IGS Well ID/ PDMS 144860). IDNR has identified the lowermost USDW at 450 ft 
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2.7.4.1  Silurian and Devonian Carbonates 

In Randolph County, the younger Devonian aged carbonates are not present, and this aquifer 

system consists only of Silurian age carbonates. The Silurian and Devonian Carbonates Aquifer 

System outcrops/subcrops throughout much of Randolph County. The total thickness of this 

system in the county ranges from 0 to about 200 ft.  

Wells penetrating the Silurian and Devonian Carbonates Aquifer System have reported depths 

ranging from 35 to 380 ft but are commonly 100 to 180 ft deep. The rock column penetrated in 

this system typically ranges from 20 to 70 ft; although many of the deeper wells also reach the 

upper portion of the underlying Maquoketa Group.  

Wells using the Silurian and Devonian Carbonates Aquifer System are generally capable of 

meeting the needs of domestic users and some high-capacity users in this county. Domestic well 

yields commonly range from 10 to 35 gallons per minute (GPM). Static water levels typically 

range from 15 to 35 ft below the land surface. A few flowing wells have been reported for this 

bedrock aquifer system in the county. High-capacity well depths range from approximately 40 to 

400 ft below the land surface. Several of the high-capacity wells have contributions from both 

the Silurian and Devonian Carbonates Aquifer System and the underlying Maquoketa Group 

Aquifer System (Table 17).  

This aquifer system is generally not very susceptible to surface contamination due to the thick 

clay deposits over most of the county. However, solution features (caves) are described in a few 

well records suggesting minor karst development. However, there are localized areas, especially 

near the White and the Mississinewa Rivers, where the bedrock surface is shallow or exposed. 

Therefore, these areas are at moderate to high risk for contamination (Unterreiner, Bedrock 

Aquifer Systems of Randolph Country, Indiana, 2006). 

 
Table 17: Significant water withdrawal facilities using limestone aquifer  (Leggette, Brashears, and Graham, Inc., 2007) 
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2.7.4.2 Ordovician Maquoketa Group  

The outcrop/subcrop area of this aquifer system is limited to the three main bedrock valleys in 

this county. The Maquoketa Group consists mostly of shales with interbedded limestone units. 

Although the Maquoketa Group Aquifer system is approximately 800 to 900 ft thick in the 

county, typically little more than the top 100 ft is used for water production.  

In Randolph County, some wells completed in the Maquoketa Group Aquifer System are open to 

and receive some water from the Silurian and Devonian Carbonates Aquifer System. However, 

wells completed solely in the Maquoketa Group Aquifer System are generally capable of 

meeting the needs of domestic users in this county. Wells exclusively using the Maquoketa 

Group Aquifer System in Randolph County have reported depths ranging from 79 to 423 ft but 

are commonly 120 to 300 ft deep. The rock column penetrated in this system typically ranges 

from 20 to 80 ft. Yields for domestic wells generally range from 10 to 30 GPM and static water 

levels are commonly 10 to 25 ft below the land surface.  

The Maquoketa Group Aquifer System is generally not very susceptible to contamination from 

the land surface because thick layers of clay-rich material overlie the bedrock (Unterreiner, 

2006). 

The Maquoketa Group is present at the bedrock surface in small areas in Randolph, Delaware, 

Henry, and Madison counties. It is the least extensive bedrock aquifer system in the West Fork 

White River basin. The rocks in this group are the oldest at the bedrock surface in the basin, 

exposed only in pre-glacial valleys that have since been filled with glacial drift.  

The thickness of the Maquoketa Group is highly variable because the top of the group is an 

erosional disconformity and has local relief of more than 100 ft due to pre-glacial erosion of the 

bedrock surface.  

Wells completed in the Ordovician bedrock aquifer system in the West Fork White River Basin 

range from 112 to 600 ft deep. Well depth depends upon bedrock elevation and unconsolidated 

material thickness. The bedrock surface elevation for a specific area can be estimated using 

Figure 40. The thickness of unconsolidated material for an area can be estimated using Figure 

39. The penetration of wells into bedrock in this aquifer system is also highly variable and ranges 

from about 10 to more than 290 ft. Data are not sufficient to correlate yields with the depth of 

penetration. Static water levels in wells developed in this system range from 0 to 60 ft beneath 

the land surface but are usually between 10 and 50 ft below ground.  

In general, because of the high shale content, the Maquoketa Group is considered to be an 

aquitard having poor yield potential. However, in the West Fork White River Basin higher yields 

are reported than in other parts of the state because there is higher limestone content in the upper 

part of the group. The moderate yield potential in the basin is related to joints and solution 

cavities that formed in the limestone units.  

Well yields from the Maquoketa Group, as indicated by drillers' tests, range from 0 to 200 GPM. 

Yields of 5 to 15 GPM are typical and yields above 15 GPM are not common. Dry holes have 

also been reported to IDNR (Unterreiner, Bedrock Aquifer Systems of Randolph Country, 

Indiana, 2006).  

Generally, the Maquoketa Group is not highly productive, and it is typically used only when the 

overlying drift does not contain an adequate sand and gravel aquifer. It is bounded by the 

younger, overlying Silurian and Devonian Carbonate Aquifer System. 
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2.7.5 Topographic Description 

The Hoosier #1 Project is located in Section 17, Wayne Township, Randolph County, Indiana 

near Union City at an elevation of approximately 1,100 ft. This is an area of minimal flood 

hazard as established by the FEMA (Figure 50). The Quaternary surface geology is the result of 

Wisconsinan (Huron-Erie Lobe) glaciation and filled with loam till (Figure 51). At the project 

site, glacial deposits are approximately 120 ft thick. 

 

 
Figure 50: National Flood Hazard Layer FIRMette (FEMA, 2022) 
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Figure 51: Quaternary geology related to the Wisconsinan (Huron-Erie Lobe) Glaciation (State of Indiana, 2022). 
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2.8 Geochemistry [40 CFR 146.82(a)(6)] 

There are a limited number of wells that penetrate the Mt. Simon Sandstone and, currently, little 

data to support detailed aqueous or solid phase geochemical modeling for the project. The Mt. 

Simon Sandstone does contain feldspar, potentially carbon cement, and clay minerals. These 

minerals are reactive with CO2. and it is expected that changes to the aqueous geochemistry of 

the Mt. Simon Sandstone fluids will occur once CO2 injection commences.  

The computational modeling investigated the effect of mineralization on long-term trapping of 

CO2 based on the potential reactions with calcite, anorthite, and kaolinite as part of the PISC 

Alternative Timeframe using the information currently available (Attachment 9: Post-Injection 

Site Care, 2022). This modeling demonstrated that mineralization is not expected to play a 

significant role in trapping for thousands of years. No other geochemical or reactive transport 

modeling has been completed for the injection zone or the confining zone at this time give the 

scarcity of data. 

The Pre-Operational Testing Program details the data that will be acquired in CCS1 and from the 

Deep Observation Well (OBS1) that may be used to support future geochemical modeling 

(Attachment 5: Pre-Op Testing Program, 2022). The mineralogy of the injection zone and 

confining zone will be determined through a combination of core analysis and well logging. Well 

log data will also be acquired through the lowermost USDW and ACZ monitoring zone to assist 

in establishing the mineralogy of these formations. 

Fluid samples will be acquired from the lowermost USDW, the ACZ monitoring interval, and the 

injection zone when the project wells are drilled. The Testing and Monitoring Plan details the 

parameters and analytes that will be used to establish baseline conditions for these formations as 

well as during the injection phase of the project (Attachment 7: Testing And Monitoring, 2022).  

The aqueous geochemistry data gathered during the pre-operational phase of the project will also 

be used to support future geochemical modeling work. Geochemical modeling will likely focus 

on reactions in the injection zone and any reactions in the confining zone that may impact long-

term containment and endangerment of USDWs. 

2.9 Other Information (Including Surface Air and/or Soil Gas Data, if Applicable) 

The Pre-Operational Testing Program presents the data that will be collected in order to 

determine and verify the depth, thickness, mineralogy, lithology, porosity, permeability, and 

geomechanical information of the injection zone, confining zone, and other relevant geologic 

formations via petrophysical logging and analysis, and core acquisition and testing (Attachment 

5: Pre-Op Testing Program, 2022). In addition, baseline 3D surface seismic data will be acquired 

during the pre-injection phase of the project to assist in characterizing injection zone and 

confining zone rock properties away from CCS1 and OBS1.   

At this time, the project does not plan to acquire baseline atmospheric or soil gas data nor are 

there plans to pursue atmospheric or soil gas monitoring during the injection phase of the project.  

2.10 Site Suitability [40 CFR 146.83] 

The AK Steel and INEOS (BP Lima) disposal wells provided useful data on the Eau Claire 

Formation and Mt. Simon Sandstone and were used as analogs for this project. In addition, study 

of other regional well data and computational modeling indicate that the geologic setting of the 

proposed injection zone has the capacity to store 13.5 million metric tons of CO2 over 30 years 

of injection based on: 



Plan revision number: N/A 

Plan revision date: July 4, 2022 

Attachment 1: Class VI Permit Application Narrative; Hoosier #1 Project  Page 79 of 97 

Permit Number: PERMIT NUMBER 

• Depth to the top of the injection zone: 3,159 ft 

• Thickness of the injection zone: 459 ft 

• Lateral continuity of the Mt. Simon Sandstone over the region 

• Estimated porosity of the injection zone: average of 10.9%  

• Permeability of the injection zone: average 31 mD   

Given the lateral continuity, open nature of the injection zone, and computational modeling, the 

injection zone is expected to have more than adequate capacity for the injection volumes 

proposed. CO2 plume development is expected to be controlled by heterogeneities within the 

injection zone. These heterogeneities will be characterized using a combination of well log, 

core, and 3D surface seismic data acquired during the pre-operational phase of the project 

(Attachment 5: Pre-Op Testing Program, 2022). The AoR and Corrective Action Plan includes 

discussion of the capacity estimates for the injection zone (Attachment 2: AoR and Corrective 

Action, 2022). 

The Eau Claire Shale is expected to be an excellent confining zone for the project. It is 

estimated to be 487 ft thick at the project site and has excellent lateral continuity across the 

basin. Based on the petrophysical analysis of sixteen wells in the region, it has very low 

permeabilities that average 2.7 mD. Computational modeling indicates that the Eau Claire Shale 

will be an effective barrier to upward migration of CO2 and injection zone fluids (Attachment 2: 

AoR and Corrective Action, 2022). Data gathered during the pre-operational phase of the project 

is expected to verify that the Eau Claire Shale is a suitable confining zone (Attachment 5: Pre-

Op Testing Program, 2022). 

While the Eau Claire Shale is expected to be a highly competent confining zone, additional 

formations within the Knox Group afford additional containment including the Knox Dolomite, 

which has permeabilities from 0.00005 – 24.1 mD at the INEOS (BP Lima) Nitriles disposal site. 

If injection zone fluids were to migrate past the primary confining zone, multiple formations 

within the Knox Group will prevent the fluids from migrating up to the lowermost USDW. Other 

similar projects indicate the Middle Run and Precambrian basement rock will act as an 

impermeable lower confining zone for the Mt. Simon Sandstone injection zone.  

No deep wells penetrate the confining zone within the AoR. The closest well (IGWS #144601) 

penetrating the Eau Claire Formation is 13 miles to the southwest, which is a significant distance 

outside of the AoR. No natural conduits, such as fault or fractures, for injection zone fluid 

migration beyond the confining zone have been identified on the existing 2D surface seismic 

data. It is anticipated there will be a lack of large-aperture tension fractures in Cardinal CCS1, as 

determined from the image and sonic logs, indicating that the well is not proximal to normal 

(tensional) faults that might be close to failure.  

The well casing, tubing, and cement used through the confining zone and injection zone will be 

CO2 resistant (Attachment 4: Well Construction, 2022). It is expected that the CO2 will interact 

with mineral components of the Mt. Simon Sandstone over time. As discussed in Section 2.9, 

once the project acquires more site-specific data during the pre-injection phase of the project, it 

will be used to model the potential geochemical reactions that will occur in the injection zone. 

These reactions will be monitored using fluid samples that will be taken from the injection zone 

in OBS1 during the first three years of the injection phase of the project (Attachment 7: Testing 

And Monitoring, 2022). Geochemical interactions between the CO2 and the confining zone are 
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not expected to impact long-term containment of the CO2 based on the thickness and lack of 

fractures the project expects to encounter in the confining zone. 

3 AoR and Corrective Action  

Through the computational modeling, a 2.26-mile AoR has been determined for this project 

(Attachment 2: AoR and Corrective Action, 2022). After a thorough review of all identified 

wells in the region, it has been determined that there are no wells within the AoR that penetrate 

the confining zone, and there is no requirement for corrective action.   

AoR and Corrective Action GSDT Submissions 

GSDT Module: AoR and Corrective Action 

Tab(s): All applicable tabs 

 

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☒ Tabulation of all wells within AoR that penetrate confining zone [40 CFR 146.82(a)(4)]  

☒ AoR and Corrective Action Plan [40 CFR 146.82(a)(13) and 146.84(b)]  

☒ Computational modeling details [40 CFR 146.84(c)]  

4 Financial Responsibility  

The financial assurance estimation for the project was divided into four “buckets.” Those being: 

Corrective Action, Injection Well Plugging and Abandonment, Post Injection Site Care and 

Closure, and the Emergency and Remedial Response Plan (ERRP). The first three buckets will 

be covered by a surety bond, and the last will be covered by an insurance policy. These items 

will be set up using a yet-to-be-determined financial institution. Prior to commencement of 

injection operations the financial institution of choice will be selected and proper information 

and updates to the permit application will be provided.  

Internal estimates and external vendor quotes were used to assemble the estimates for the first 

three buckets. All appropriate quotes that were provided from vendors are provided with the 

submittal documentation. The cost estimate for the ERRP was developed in tandem with 

Industrial Economics (IEc). Their full report is provided with the submittal documentation.  

Further detail is provided in the Financial Assurance section of this permit application 

(Attachment 3: Financial Responsibility, 2022). 

 

Financial Responsibility GSDT Submissions 

GSDT Module: Financial Responsibility Demonstration 

Tab(s): Cost Estimate tab and all applicable financial instrument tabs 
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Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☒ Demonstration of financial responsibility [40 CFR 146.82(a)(14) and 146.85]  

 

5 Injection Well Construction  

Vault intends to use materials of construction (casing, cement, etc.) that are verified by 

independent third-party sources as suitable for the worst-case corrosive load expected to occur 

during the life of the project. Verification of the suitability is provided as part of the supporting 

documents for (Attachment 4: Well Construction, 2022).  

The new well is planned to have two (2) hole sections: Surface, from surface to approximately 

530 ft (below the base of the USDW); and long string, from approximately 530 to approximately 

3,689 ft (if going to basement) or approximately 3,708 ft (if not going to basement).  

Should a substantial lost circulation zone (LCZ) be encountered during the drilling of the long 

string section, well control and loss prevention measures will be implemented, and the hole will 

be reamed up to run a contingent intermediate string. The potential anticipated LCZ is the Potosi. 

The end of this section is to be determined (TBD) and is dependent on drilling conditions 

experienced in the field. It is, however, anticipated that this section total depth (TD) will occur 

above the top of the Eau Claire Formation.  

Wellheads will be used with appropriately sized components and materials of construction based 

on the build of the wellbore. The wellhead will vary depending on whether the intermediate 

contingency section is needed or not.  

Following installation of the long string casing and cement, perforations will be made into the 

casing to access the Mt. Simon Sandstone for injection.  

Schematics for the wellbore and wellhead (planned and contingency) are provided in the well 

construction plan attachment of the permit application.  

Further details on the proposed stimulation program, construction plan, and materials of 

construction are provided in this section as well as in the well construction attachment.  

5.1 Proposed Stimulation Program [40 CFR 146.82(a)(9)] 

It is not currently anticipated that any additional stimulation will need to be performed on the 

well after initial completion, other than to clean out the perforations made in the long-string 

casing.  

Vault reserves the right to perform intermediate stimulation on this well, should the need arise. A 

list of some of the common remediation techniques that may be deployed in the future is listed 

below. Note that this is not an exhaustive list and additional technologies or treatments may be 

used. Further detail on methods, materials, and chemicals to be used during treatments is 

provided in (Attachment 4: Well Construction, 2022).  

• Matrix acid stimulation, 

• Coil tubing chemical stimulation, 

• Coil tubing mechanical stimulation, 

• Perforations. 
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Stimulations will occur as necessitated by well conditions. These will be identified by evaluating 

well performance over time. The necessary notification will be provided to the Agency prior to 

any field mobilization. Within this notification, detail on the proposed procedure, equipment, and 

chemicals to be used will be provided.  

5.2 Construction Procedures [40 CFR 146.82(a)(12)] 

The injection well will be drilled as a new well. Multiple strings of carbon steel and 13-Chrome 

casing will be installed and cemented in place to protect the USDWs and other strata overlying 

the injection formation. Fluids will be injected into the Mt. Simon Sandstone using internally 

coated carbon steel casing landed in in a nickel coated packer. The Mt. Simon Sandstone will be 

accessed through perforations in the long string casing.  

A high-level procedure is provided below. A more detailed schedule and procedure is provided 

in Attachment 4.  

1. Conductor casing will be drilled then cemented in place.  

2. Surface hole will be drilled. This hole will be drilled to a sufficient depth below the base 

of the USDW such that the entire USDW can be logged during open and cased hole logs.  

3. Open hole logs will be run.  

4. Casing will then be run and cemented in place.  

5. After allowing sufficient time for the cement to harden, cased hole logs will be run, and 

the casing will be pressure tested.  

6. Long string hole will be drilled. This hole will be drilled into basement (if OBS1 does not 

penetrate it) or above basement (if OBS1 does penetrate it). 

a. Should a substantial LCZ occur during drilling the long string section, an 

intermediate contingent string of casing will be run.  

b. Prior to operations, well control and loss prevention measures will be 

implemented until the well is stable.  

c. The hole will be reamed up to size and open hole logs will be run. 

d. Casing will then be run and cemented in place.  

e. After allowing sufficient time for the cement to harden, cased hole logs will be 

run, and the casing will be pressure tested. 

7. Open hole logs will be run.  

8. Casing will then be run and cemented in place.  

9. After allowing sufficient time for the cement to harden, cased hole logs will be run, and 

the casing will be pressure tested.  

10. Perforations will be made in the long string casing into the Mt. Simon Sandstone.  

11. The tubing, packer, and wellhead will then be installed.  

Specifications on the tools, equipment, casing, cement, and other things are provided in more 

detail in Attachment 4. All materials of construction are designed to API standards.  

5.2.1 Casing and Cementing 

Table 18 and Table 19 display the safety factors and safety factor loads based on the proposed 

well design. It is noted that an 80% derating factor is applied prior to any analyses. This implies 

an additional 1.20 safety factor on top of those displayed in the table. Additionally, material and 

specification derating based on tensile loading is also considered. Finally, worst-case analyses 

(i.e., evacuated casing while pumping cement while also pulling up at the max tensile rating) 
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were considered in casing evaluation. Anticipated loads are displayed first, followed by worst 

case loads. 

In addition to these analyses, cyclic and temperature loading analysis was performed. The results 

of this analysis are presented in (Attachment 4: Well Construction, 2022).  

Table 20 displays the setting depths and specifications of the casing to be used for the well. All 

casing conforms with API specifications. Table 22 shows the design parameters of the casing, 

tubing, and packer to be used for the well.  

Details on the cement program are provided in (Attachment 4: Well Construction, 2022). All 

cement used conforms with API standards. Corrosion resistant cement will be used from the 

bottom of the well to above the top of the Eau Claire Formation.  

Mechanical integrity will be demonstrated as part of the initial completion, and routinely as 

discussed in (Attachment 5: Pre-Op Testing Program, 2022) and (Attachment 7: Testing And 

Monitoring, 2022), respectively. 

All materials of construction are suitable for the anticipated loading and are not anticipated to 

decrease in suitability over time.  

Table 18. Casing Safety Factors for Design. 

Burst Collapse Tensile Von Mises 

1.2 1.2 1.5 1.5 

 

Table 19. Casing Safety Factor Loads for Design.  

String Burst Collapse Tensile* Von Mises* 

Surface 1.54 52.36 18.87 6.68 

Intermediate 

(Contingency) 

2.38 2.19 4.20 3.14 

Long String 2.22 3.77 5.34 3.22 

Injection Tubing 2.59 6.92 5.63 1.63 

*100,000 pounds (lbs) overpull 

Table 20. Casing and Tubing details. 

Casing String 
Casing 

Depth 

Borehole 

Diameter 

Wall 

Thickness 

External 

Diameter 
Casing Material 

String 

Weight 

Surface 560 ft 17-1/2 inches 0.38 inches 13-3/8 inches 54.5 lbs./ft, J55, 

STC 

30,520 lbs 

Long String (Metal) 2,600 ft 8-1/2 inches 0.362 inches 7 inches 26 lbs./ft, L80, 

LTC 

67,600 lbs 

Long String (Chrome) 2,600-

3,693 ft 

8-1/2 inches 0.362 inches 7 inches 26 lbs./ft, 

13CR80, Special 

28,418 lbs 

Injection Tubing 0-3,184 

ft 

6.276 

Inches* 

0.254 

inches 

3.5 inches 9.3 lb/ft, L80, 

Special, 

internally coated 

29,611 lbs 
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Casing String 
Casing 

Depth 

Borehole 

Diameter 

Wall 

Thickness 

External 

Diameter 
Casing Material 

String 

Weight 

Intermediate 

(contingency) 

0-2,600 ft 12-1/4 inches 0.352 inches 9-5/8 inches 36 lbs./ft, J55, 

STC 

93,600 lbs 

*Internal diameter of long string casing 

 

Table 21. Casing, Tubing, and Packer Details 

Material Setting 

Depth 

(ft) 

Tensile 

Strength 

80% of 

Tensile 

Strength 

Burst 

Strength 

80% of 

Burst 

Strength 

Collapse 

Strength 

80% of 

Collapse 

Strength 

Material of 

Construction 

Surface 

Casing 

560 514,000 

lbs 

411,200 

lbs 

2,730 psi 2,184 psi 1,130 psi 904  

psi 

54.5 lbs./ft, J55, 

STC 

Long Strong 

Casing 

2,600 511,000 

lbs 

408,800 

lbs 

7,240 psi 5,792 psi 5,410 psi 4,328 psi 26 lbs./ft, 

L80/13Cr80, 

LTC 

Injection 

Tubing 

3,184  207,200 

lbs 

165,760 

lbs 

10,160 psi 8,128 psi 10,540 psi 8,432 psi 9.3 lbs./ft, L80 

lined, Special 

Intermediate 

(contingency

) 

2,600 394,000 

lbs. 

315,200 

lbs. 

3,520 psi 2,816 psi 2,020 psi 1,616 psi 36 lbs./ft, J55, 

STC 

Baker 

Signature F 

3,184       Chrome/ 

Nickel plated 

 

5.2.2 Tubing and Packer  

The tubing, internally coated 3.5-inch L80 pipe, is anticipated to withstand the corrosive loading 

experienced during normal operations. The internal coating to be used has been routinely used in 

waste disposal and Enhanced Oil Recovery (EOR) projects. This internal coating has proved to 

be suitable for use in more corrosive environments than are anticipated to be experienced in this 

application. Further detail on the suitability is provided in (Attachment 4: Well Construction, 

2022).  

The packer to be used for the project is Baker Signature F style retrievable packer. This packer 

will also be nickel coated to prevent any corrosion. This packer and coated mechanism are 

typical for disposal purposes and designed to prevent corrosion or leakage. Further details on the 

packer are provided in (Attachment 4: Well Construction, 2022).  
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6 Pre-Operational Logging and Testing  

Details on the pre-operation testing plan are provided in the relevant section of this permit 

application (Attachment 5: Pre-Op Testing Program, 2022). 

Pre-Operational Logging and Testing GSDT Submissions 

GSDT Module: Pre-Operational Testing 

Tab(s): Welcome tab 

 

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☒ Proposed pre-operational testing program [40 CFR 146.82(a)(8) and 146.87]  

 

7 Well Operation 

This section is meant to provide a brief overview of the well operation conditions. Further details 

on the well operation program are provided in (Attachment 6: Well Operations, 2022).  

7.1 Operational Procedures [40 CFR 146.82(a)(10)] 

Table 22 displays the operational parameters that will be used during injection operations. 

Details on the methods of calculations and inputs for these values are provided in (Attachment 6: 

Well Operations, 2022). Values provided in this table are designed to stay below the critical 

fracture pressure, while also managing the pressure loading experienced during operations to 

protect equipment.  It is not anticipated that significant deviation from these values will occur 

during the life of the project.  

 

Table 22. Proposed operational procedures. 

Parameters/Conditions Limit or Permitted Value Unit 

Maximum Injection Pressure 

Surface 2,051 psi 

Downhole 2,358 psi 

Maximum Injection Mass 

Annual 450 kt 

30-year Project 13,500 kt 

Average Injection Rate 

Mass Injection Rate 856 kg/min 
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Parameters/Conditions Limit or Permitted Value Unit 

Volumetric Injection Rate  

565 gal/min 

19,368 barrels/day 

Annulus Pressure 

Maximum 1,500 psi  

Minimum -5 psi 

Operational 100 psi 

 

7.2 Proposed CO2 Stream [40 CFR 146.82(a)(7)(iii) and (iv)] 

Cardinal Ethanol will analyze the CO2 stream during the injection phase of the project to provide 

data representative of its chemical characteristics and to meet the requirements of 40 CFR 146.90 

(a). Details on the testing and monitoring of the CO2 stream are provided in the testing and 

monitoring section of this permit. Additional details on technical standards, QA/QC policy, 

sample collection and storage policies, and analytical methods are provided in the QASP 

(Attachment 11: QASP, 2022).  

Based on the nature of the ethanol fermentation process, the CO2 stream produced is anticipated 

to be of high purity. Even so, after fermentation, the CO2 stream will pass through two scrubbers 

prior to entering the compressor and the pipeline.  

It is currently anticipated that quarterly sampling of the CO2 injection stream will be sufficient to 

accurately track the composition of the stream.  The regular samples will be taken on quarterly 

intervals, at the end of each quarter (March, June, September, and December).   

 

8 Testing and Monitoring 

 

Testing and Monitoring GSDT Submissions 

GSDT Module: Project Plan Submissions 

Tab(s): Testing and Monitoring tab 

 

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☒ Testing and Monitoring Plan [40 CFR 146.82(a)(15) and 146.90]  

This section is meant to provide a brief overview of the Testing and Monitoring Plan. Further 

details on the well operation program are provided in (Attachment 7: Testing And Monitoring, 

2022). 
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9 Injection Well Plugging 

Following the conclusion of injection operations, the injection well will be permanently plugged 

and abandoned. Details on the methods of these operations are provided in (Attachment 8: Well 

Plugging, 2022). The methods and procedures presented in the attachment are consistent with 

industry standards and the requirements detailed in 40 CFR 146.92. All materials to be used for 

the plugging and abandonment are suitable for the anticipated corrosive loading below the top of 

the Eau Claire. Above the top of the Eau Claire Formation, the materials are standard 

construction materials, conforming the API specifications.  

 

Injection Well Plugging GSDT Submissions 

GSDT Module: Project Plan Submissions 

Tab(s): Injection Well Plugging tab 

 

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☒ Injection Well Plugging Plan [40 CFR 146.82(a)(16) and 146.92(b)]  

 

10 Post-Injection Site Care  and Site Closure 

The requested documents listed below have been included in the file submission (Attachment 9: 

Post-Injection Site Care, 2022). These documents address the rule requirements for the above 

EPA citations.  The Hoosier #1 Project is requesting an alternative PISC timeframe. 

PISC and Site Closure GSDT Submissions 

GSDT Module: Project Plan Submissions 

Tab(s): PISC and Site Closure tab 

 

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☒ PISC and Site Closure Plan [40 CFR 146.82(a)(17) and 146.93(a)]  

GSDT Module: Alternative PISC Timeframe Demonstration 

Tab(s): All tabs (only if an alternative PISC timeframe is requested) 

 

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☒ Alternative PISC timeframe demonstration [40 CFR 146.82(a)(18) and 146.93(c)]  
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11 Emergency and Remedial Response  

The below requested documents have been included in the file submission (Attachment 10: 

ERRP, 2022). These documents address the rule requirements for the above EPA citations.   

Emergency and Remedial Response GSDT Submissions 

GSDT Module: Project Plan Submissions 

Tab(s): Emergency and Remedial Response tab 

 

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☒ Emergency and Remedial Response Plan [40 CFR 146.82(a)(19) and 146.94(a)]  

 

12 Injection Depth Waiver and Aquifer Exemption Expansion 

Cardinal and Vault do not intent to apply for a Depth Waiver or Aquifer Exemption. As such, no 

supplemental documents have been filed.  

Injection Depth Waiver and Aquifer Exemption Expansion GSDT Submissions 

GSDT Module: Injection Depth Waivers and Aquifer Exemption Expansions 

Tab(s): All applicable tabs 

 

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☐ Injection Depth Waiver supplemental report [40 CFR 146.82(d) and 146.95(a)]  

☐ Aquifer exemption expansion request and data [40 CFR 146.4(d) and 144.7(d)] 

 

13 Risk Assessment 

Development of both a Project Risk Assessment (RA) and a Risk Management Plan (RMP) are 

critical to advancement of a carbon sequestration project. These plans will be dynamic and 

evolve over time through the pre-injection, operational, and PISC phases of a project as new data 

are acquired and assessed. One primary goal of conducting an RA early in the feasibility and 

characterization phase of a project is to identify potential risk scenarios that can be managed 

through site characterization along with testing and monitoring activities. As such, the RMP will 

be closely linked to the Pre-Operational and Testing and Monitoring Plans throughout all phases 

of the project’s life cycle (Figure 52). Initially, the RMP will identify areas of subsurface 

uncertainty, which will help determine the site characterization and development activities, as 

well as to identify any potential long-term risk scenarios that can be managed and mitigated 

through testing and monitoring activities. 
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The geologic characterization studies, static modeling, and computational modeling work were used to inform the risk 

assessment and scenario ranking for the Hoosier #1 Project (Figure 52). A high-level list of sixty risk scenarios was 

compiled based on Vault’s experience working on RAs for over a dozen carbon sequestration projects in North America. 

The risk scenarios were ranked individually on severity and likelihood scale that each ranged from one to five. All the risk 

scenarios ranked between two and eight out of a possible 25.  

 

Table 23 provides a description of the risk rank categories, associated color code, and 

description. Thirty-seven of the risk scenarios can be managed and mitigated through site 

characterization and testing and monitoring activities.  

 

 

Figure 52: Workflow from initial site characterization for a project through to testing and monitoring plan design. 
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Table 23: Risk rank categories, associated color coding, and description 

Risk Rank Color Code Description 

20 – 25 Black Non-Operable: Evacuate the zone or area 

10 – 16 Red Intolerable: Do not take this risk 

5 – 9  Yellow 
Undesirable: Demonstrate as low as reasonably 

possible (ALARP) before proceeding 

2 – 4  Green 
Acceptable: Proceed carefully with continuous 

improvement 

1 Blue Negligible: Safe to Proceed 

 

Table 24 summarizes the risk rankings, high-level risk scenario categories, and the number of 

scenarios that fit into each category. The risk scenario categories cover subsurface elements 

such as geology, containment, injectivity, geochemical effects, and potential for induced 

seismicity events. Table 1 in Risk Register contains a full list of the 60 risk scenarios and 

rankings (Attachment 12: Confidential Business Information: Risk Register, 2022). 

 

Table 24: Breakdown of the risk rankings, categories, and number of scenarios identified. 

Ranking Risk Category Scenarios Identified 

Undesirable (5 – 9) 

Schedule 3 

Regulatory 1 

Geology 5 

Geology: Containment 2 

Opposition: Public 8 

Economic 1 

Project Wells: Drilling 1 

Reservoir Performance 1 

Monitoring: General 2 

Acceptable (2 – 4) 

Geology 5 

Geology: Containment 1 

Reservoir Performance 2 

Project Management 3 

CO2 Injectate 1 

Project Wells: Drilling 2 

Project Wells: Operations 1 

Project Wells: Integrity 3 

Project Wells: Completions 1 

Existing Wells 3 

Monitoring: General 6 

Weather 1 
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Thirty-two of the risk scenarios identified can be managed and mitigated through the pre-

operational testing program that will be executed when the project wells are drilled. The data 

collected over this phase will be used to manage and mitigate uncertainties and risks related to 

capacity, containment, injectivity, injection pressures and fracture gradient, as well as potential 

seismic events (Attachment 12: Confidential Business Information: Risk Register, 2022).   

Thirty-two of the risk scenarios identified can be managed and mitigated through testing and 

monitoring activities that will be implemented through the injection and PISC phases of the 

project. The project Risk Register summarizes the risk scenarios with their associated testing and 

monitoring mitigations (Attachment 12: Confidential Business Information: Risk Register, 

2022). 

 

Ranking Risk Category Scenarios Identified 

Liability 1 

Regulatory 1 

Negligible (1) 
Project Wells: Operations 4 

Geology 1 

Total  60 
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14 Approval 
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Class VI UIC Area of Review and Corrective Action 

This submission is for: 

      Project ID:    R05-IN-0003  

      Project Name:    Project Hoosier #1  

      Current Project Phase:    Pre-Injection Prior to Construction  

 

Overview 

Simulator Used for AoR delineation modeling: GEM 

Version Used: CMG's GEM Compositional Model - V 2021.10 

Simulator Description/Documentation: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-

08-2022-1544/Simulation_Description_Documentation.pdf 

Description of File Contents: The file submitted contains a summary of the main features of GEM, as provided in the CMG documentation. 

Total Simulation Time From Start of Injection: 30 yrs 

Additional AoR Delineation Information: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-

08-2022-1544/Additional--Information.pdf 

Description of Information Submitted: Indiana is not a primacy state. No additional requirements 

 

Model Domain 

Coordinate System: State Plane 

      Horizontal Datum: NAD83 

      Coordinate System Units: ft 

      Vertical Datum: Other 

      Describe Vertical Datum: ft Below Mean Sea level (ft bsml) 

      Zone: NAD 83 Indiana East - 2965 

      FIPSZONE: 1301   ADSZONE: 3826 

Mesh Type: Other 

      Describe Mesh Type: Proportional 

Domain Size in Global Units Specified Above 

      Domain Coordinates File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-

1544/AoRModeling_DomainCoordTemplate.pdf 

Grid Size 

      Number of Nodes in    x: 420   y: 420   z: 189 

Grid Spacing: Constant 

      Grid Spacing in    x: 100   y: 100   z: 4 

Grid File Format: ASCII file containing vertices and elements 

      Grid File Description: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-

1544/Grid--File--Description.pdf 

      Grid Data File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-

1544/Sub_Model_2-18-22_2B.dat 

Faults Modeled: No 

Caprock Modeled: Yes 

Image File(s) for Model Domain Grid: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-

08-2022-1544/Model--Domain--Grid--Images.pdf 

 

Processes Modeled by Simulator 

Reservoir Conditions: 

Supercritical CO2 Conditions 

Phases Modeled: 

Aqueous   Supercritical CO2   Precipitated Salt 

Aqueous Phase: 

      Phase Compressibility: Compressible 

             Compressibility Value: 3 1/Pa 

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Simulation_Description_Documentation.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Simulation_Description_Documentation.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Additional--Information.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Additional--Information.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/AoRModeling_DomainCoordTemplate.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/AoRModeling_DomainCoordTemplate.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Grid--File--Description.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Grid--File--Description.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Sub_Model_2-18-22_2B.dat
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Sub_Model_2-18-22_2B.dat
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Model--Domain--Grid--Images.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Model--Domain--Grid--Images.pdf


      Phase Composition: Compositional 

      Aqueous Phase Components: 

             CO2   Water   Methane 

Supercritical CO2 Phase: 

      Phase Compressibility: Compressible 

      Phase Composition: Compositional 

      Supercritical CO2 Phase Components: 

             CO2   Water   Methane 

Equation of State Description Including Reference: GEM utilizes either the Peng-Robinson or the Soave- Redlich-Kwong equation of state to predict the phase equilibrium

compositions and densities of the oil and gas phases, and supports various schemes for computing related properties such as oil and gas viscosities. The quasi-Newton

successive substitution method, QNSS, as developed at CMG, is used to solve the nonlinear equations associated with the flash calculations. A robust stability test based on a

Gibbs energy analysis is used to detect single phase situations. GEM can align the flash equations with the reservoir flow equations to obtain an efficient solution of the

equations at each timestep. CMG's WinProp equation of state software can be used to prepare EOS data for GEM. The Peng-Robinson EOS was used in this model. 

      File with EOS Reference or Documentation: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/File_with_EOS_Reference_or_Documentation.pdf 

Multifluid Flow Processes: 

Advection   Dispersion   Diffusion   Buoyancy 

Non-wetting Fluid Trapping   Pore Compressibility 

Thermal Conditions: Non-Isothermal 

      File Describing Thermal Conductivity Function including Parameters: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/GEM_Thermal_Option.pdf 

      Heat Transport Processes: 

             Advection   Diffusion   Conduction 

Geochemistry Modeled: Yes 

      File Describing Geochemistry Modeling: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/Geochemistry_Modeling.pdf 

Geomechanical/Structural Deformations Modeled: Yes 

      File Describing Geomechanical/Structural Modeling: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/Geomechanical_Structural_Deformation_Modeling.pdf 

 

Rock Properties and Constitutive Relationships 

Porosity/Permeability Model 

Single Porosity 

Porosity Distribution: Heterogeneous 

      Spatially Variable Porosity File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-

2022-1544/Sub_Model_2-18-22_2B-----Por.dat 

      File Describing how Porosity was Determined and Assigned to Numerical Model: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-

0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Porosity--Assignment--Method--for--Numerical--Model.pdf 

          Image Files for Porosity Distributions: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/Por--Distribution--Images.pdf 

Permeability Distribution: Heterogeneous 

      Spatially Variable Permeability File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-

08-2022-1544/Sub_Model_2-18-22_2B-----Perm.dat  mD 

      File Describing how Permeability was Determined and Assigned to Numerical Model: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-

IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Permeability--Assignment--Method--for--Numerical--Model.pdf 

          Image Files for Permeability Distributions: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/Perm--Distribution--Images.pdf 

      Number of Rock Types Modeled: 3 

          Description of Rock Type Selection and Assignment: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/Rock--Type--Assignment--Method--for--Numerical--Model.pdf 

          Rock Type Distribution Data File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-

08-2022-1544/Rock--Type--Data.pdf 

          Image Files for Rock Type Distribution: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/File_with_EOS_Reference_or_Documentation.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/File_with_EOS_Reference_or_Documentation.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/GEM_Thermal_Option.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/GEM_Thermal_Option.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Geochemistry_Modeling.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Geochemistry_Modeling.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Geomechanical_Structural_Deformation_Modeling.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Geomechanical_Structural_Deformation_Modeling.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Sub_Model_2-18-22_2B-----Por.dat
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Sub_Model_2-18-22_2B-----Por.dat
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Porosity--Assignment--Method--for--Numerical--Model.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Porosity--Assignment--Method--for--Numerical--Model.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Por--Distribution--Images.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Por--Distribution--Images.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Sub_Model_2-18-22_2B-----Perm.dat
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Sub_Model_2-18-22_2B-----Perm.dat
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Permeability--Assignment--Method--for--Numerical--Model.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Permeability--Assignment--Method--for--Numerical--Model.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Perm--Distribution--Images.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Perm--Distribution--Images.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rock--Type--Assignment--Method--for--Numerical--Model.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rock--Type--Assignment--Method--for--Numerical--Model.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rock--Type--Data.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rock--Type--Data.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rock--Type--Images.pdf


PreConstruction/AoRModeling-07-08-2022-1544/Rock--Type--Images.pdf 

        Rock Type #1 

                Rock Compressibility: Pore 

                Rock Compressibility Distribution: Single Value 

                      Compressibility Value: 0.000007 1/psi 

                Constitutive Relationships 

                Aqueous Saturation vs. Capillary Pressure: Functional Form 

                      File Describing Functional Form Used for Aqueous Saturation vs Capillary Pressure: 

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Cap_Pressure_1.pdf 

                Aqueous Trapped Gas Modeled: Yes 

                Hysteresis other than non-wetting fluid trapping: No 

                Aqueous Relative Permeability: Table 

                      Tabular Format File for Aqueous Relative Permeability: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Aq_1.csv 

                Hysteresis other than non-wetting fluid trapping: No 

                Gas Relative Permeability: Table 

                      Tabular Format File for Gas Relative Permeability: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Gas_1.csv 

                Hysteresis other than non-wetting fluid trapping: No 

                Porosity and Permeability Reduction Due to Salt Precipitation 

                      File Describing Function for Porosity Reduction Due to Salt Precipitation: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-

0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Por_Salt_Precip_1.pdf 

                      File Describing Function for Permeability Reduction Due to Salt Precipitation: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-

IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Perm_Salt_Precip_1.pdf 

        Rock Type #2 

                Rock Compressibility: Pore 

                Rock Compressibility Distribution: Single Value 

                      Compressibility Value: 0.000007 1/psi 

                Constitutive Relationships 

                Aqueous Saturation vs. Capillary Pressure: Functional Form 

                      File Describing Functional Form Used for Aqueous Saturation vs Capillary Pressure: 

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Cap_Pressure_2.pdf 

                Aqueous Trapped Gas Modeled: Yes 

                Hysteresis other than non-wetting fluid trapping: No 

                Aqueous Relative Permeability: Table 

                      Tabular Format File for Aqueous Relative Permeability: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Aq_2.csv 

                Hysteresis other than non-wetting fluid trapping: No 

                Gas Relative Permeability: Table 

                      Tabular Format File for Gas Relative Permeability: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Gas_2.csv 

                Hysteresis other than non-wetting fluid trapping: No 

                Porosity and Permeability Reduction Due to Salt Precipitation 

                      File Describing Function for Porosity Reduction Due to Salt Precipitation: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-

0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Por_Salt_Precip_2.pdf 

                      File Describing Function for Permeability Reduction Due to Salt Precipitation: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-

IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Perm_Salt_Precip_2.pdf 

        Rock Type #3 

                Rock Compressibility: Pore 

                Rock Compressibility Distribution: Single Value 

                      Compressibility Value: 0.000007 1/psi 

                Constitutive Relationships 

                Aqueous Saturation vs. Capillary Pressure: Functional Form 

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rock--Type--Images.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Cap_Pressure_1.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Aq_1.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Aq_1.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Gas_1.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Gas_1.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Por_Salt_Precip_1.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Por_Salt_Precip_1.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Perm_Salt_Precip_1.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Perm_Salt_Precip_1.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Cap_Pressure_2.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Aq_2.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Aq_2.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Gas_2.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Gas_2.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Por_Salt_Precip_2.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Por_Salt_Precip_2.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Perm_Salt_Precip_2.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Perm_Salt_Precip_2.pdf


                      File Describing Functional Form Used for Aqueous Saturation vs Capillary Pressure: 

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Cap_Pressure_3.pdf 

                Aqueous Trapped Gas Modeled: Yes 

                Hysteresis other than non-wetting fluid trapping: No 

                Aqueous Relative Permeability: Table 

                      Tabular Format File for Aqueous Relative Permeability: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Aq_3.csv 

                Hysteresis other than non-wetting fluid trapping: No 

                Gas Relative Permeability: Table 

                      Tabular Format File for Gas Relative Permeability: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Gas_3.csv 

                Hysteresis other than non-wetting fluid trapping: No 

                Porosity and Permeability Reduction Due to Salt Precipitation 

                      File Describing Function for Porosity Reduction Due to Salt Precipitation: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-

0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Por_Salt_Precip_3.pdf 

                      File Describing Function for Permeability Reduction Due to Salt Precipitation: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-

IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Perm_Salt_Precip_3.pdf 

Rock Properties Comments: Rock Type 1 - Silt Rock Type 2 - Silty Sandstone Rock Type 3 - Sandstone Capillary pressure not considered as data are not currently available,

model will be updated based on results of core testing. Salt precipitation is a feature included in CMG modeling software, but has not been incorporated into this version of the

model. The model will be updated based on the results from geochemical analysis. 

 

Boundary Conditions 

      Attach Boundary Conditions Description File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/Boundary_Conditions.pdf 

 

Initial Conditions 

Initial Phases in Domain:    Aqueous 

Initial Aqueous Pressure: Varying with Depth, Temperature, and Salinity 

Initial Aqueous Pressure: 1189 psi   at Reference Elevation: 3114 ft 

Initial Temperature: Spatially Constant 

      Initial Temperature: 100 F 

Initial Salinity: Spatially Constant 

      Initial Salinity: 120000 ppm 

 

Operational Information 

Number of Injection Wells: 1 

        Injection Well #1 

                Well Direction: Vertical 

                      Location: X: -84.864284 Longitude (DD)   Y: 40.186587 Latitude (DD) 

                Wellbore Diameter: Constant 

                Wellbore Diameter: 6.276 in 

                Well Screen Interval Provided as: Single Interval 

                      Elevation of Top of Screened Interval: 3179   Elevation of Bottom of Screened Interval: 3804 ft 

                Mass Rate of Injection: 0.45 MMT/yr 

                Total Mass of Injection: 13.5 MMT 

                Fracture Gradient: 0.84  psi/ft 

                      Maximum Injection Pressure: 2369 psi   Elevation Corresponding to Pressure: 3159 ft 

                      Description of How Fracture Gradient and Maximum Injection Pressure were Determined: Fracture pressure determined at top of Mt. Simon, using approx. 90%

of 0.84 (0.75). Gradient was determined using offset SRT results (Lima UIC Project). Values will be updated following the results of the SRT to be run on the well. 

                      Description of How Fracture Gradient and Maximum Injection Pressure were Determined File: 

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-

1544/Frac_Pressure_Determination.pdf 

                Composition of Injectate: Pure CO2 

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Cap_Pressure_3.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Aq_3.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Aq_3.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Gas_3.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Rel_Perm_Table_Gas_3.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Por_Salt_Precip_3.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Por_Salt_Precip_3.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Perm_Salt_Precip_3.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Perm_Salt_Precip_3.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Boundary_Conditions.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Boundary_Conditions.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Frac_Pressure_Determination.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Frac_Pressure_Determination.pdf


                Injection Schedule Provided as: Single Injection Period 

                      Injection Start Date: 1/1/2023   Stop Date: 1/1/2023 

Number of Production/Withdrawal Wells: 0 

Operational Information Comments: Project intends to use one injection well, and 3 monitoring wells. 

 

Model Output/Results 

      Provide file name and corresponding spatial location for each file: Time series data showing the mineralization process over 100 years post injection, and the percentage of

CO2 Super-Critical, CO2 dissolved, and CO2 Trapped over 50 years post injection. Also included is a CSV file with the requested time series data 

      Time-Series File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-

1544/Time--Series--Data.zip 

      Provide file name and corresponding variable and time stamp for each file: Model snapshot data showing the CO2 and pressure plumes after 30 years of injection.

Additionally, files for the CO2 phases and distribution are also included. A .out file displays the actual modeling output containing the requested information. 

      Snapshot File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-

1544/Snapshot--Data.zip 

      Provide file name and corresponding description of surface for each file: The attached file shows the water efflux into the aquifer over time. This demonstrates the efficacy

of the analytical Carter-Tracy aquifer model. 

      Surface Flux File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-

1544/Aquifer_Flux.csv 

 

AoR Pressure Front Delineation 

Lowermost USDW: 

      Name of Lowermost USDW: Maquoketa 

      Water Density: 1.0083 gm/cm^3   at Elevation: 450 ft 

             Location of Measurement for Density: NA - estimated from other UIC applications 

      Temperature: 63 F   at Elevation: 450 ft 

             Location of Measurement: NA - estimated from other UIC applications 

      Pressure: 171 psi   at Elevation: 450 ft 

             Location of Measurement: NA - estimated from other UIC applications 

      Salinity: 5000 ppm   at Elevation: 450 ft 

             Location of Measurement: NA - estimated from other UIC applications 

      Elevation of bottom of USDW: 450 ft 

Injection Zone: 

      Name of Injection Zone: Mt. Simon 

      Water Density: 1.0731 gm/cm^3   at Elevation: 3159 ft 

             Location of Measurement: NA - estimated from other UIC applications 

      Temperature: 100 F   at Elevation: 3159 ft 

             Location of Measurement: NA - estimated from other UIC applications 

      Pressure: 1183 psi   at Elevation: 3159 ft 

             Location of Measurement: NA - estimated from other UIC applications 

      Salinity: 120000 ppm   at Elevation: 3159 m 

             Location of Measurement: NA - estimated from other UIC applications 

      Elevation of top of Injection Zone: 3159 ft 

Method of Estimating Critical Pressure: Static Mass Balance 

      Assumptions: Linear pressure profile, uniform density 

      File Describing Critical Pressure Estimation: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/Method_of_Estimating_Critical_Pressure.pdf 

      Estimated Critical Pressure: 227 psi 

Delineated AoR: 

      Shapefile or KML File Showing Delineated AoR: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/Simulation--Rescue.7z 

AoR Pressure Front Delineation Comments: The pressure plume was determined by calculating the critical delta pressure and including all gridblocks from the simulation

model that exceeded that value after 30 years of injection. The maximum pressure plume radius was determined by calculating the distance from the wellbore to the

furthermost gridblock that exceeded the critical delta pressure. The pressure plume is irregular in shape due to the heterogeneity and dip of the reservoir. The AoR was

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Time--Series--Data.zip
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Time--Series--Data.zip
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Snapshot--Data.zip
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Snapshot--Data.zip
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Aquifer_Flux.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Aquifer_Flux.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Method_of_Estimating_Critical_Pressure.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Method_of_Estimating_Critical_Pressure.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Simulation--Rescue.7z
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/Simulation--Rescue.7z


determined by adding 0.5 miles to the maximum pressure plume radius, as a safety factor. 

 

Corrective Action 

      File with Location of All Penetrations within AoR: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/File--with--location--of--all--penetrations--within--AoR.csv 

      Supporting Documentation: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-

2022-1544/CardinalWellsComp--Abn.pdf 

Corrective Action Comments: No corrective action is required on any of the wells within the AoR. 

 

Area of Review and Corrective Action Plan [40 CFR 146.82(a)(13) and 146.84(b) or applicable state
requirements] 

      Are you making an Area of Review and Corrective Action Plan submission at this time?: Yes 

Reason for Project Plan Submission: Permit application submission 

Project Plan Upload 

      Attach the Area of Review and Corrective Action Plan: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-

PreConstruction/AoRModeling-07-08-2022-1544/2.--AoR--and--Corrective--Action--Plan_Hoosier--1_noCBI.pdf 

Appendices and Supporting Materials Upload 

 

Area of Review Reevaluation [40 CFR 146.84(e) or applicable state requirements] 

      Minimum fixed frequency of AoR reevaluation: 5 Years 

      Are you making an Area of Review reevaluation submission at this time?: No 

Reevaluation Background 

Reevaluation Materials 

          Please upload your amended AoR and Corrective Action Plan on the previous tab. 

 

Complete Submission 

Authorized submission made by: Ricky Weimer 

Comments regarding this submission: Results of simulations/model will be updated following the results of field testing and well installation. 

For confirmation a read-only copy of your submission will be emailed to:    craig@vault4401.com 

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/File--with--location--of--all--penetrations--within--AoR.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/File--with--location--of--all--penetrations--within--AoR.csv
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/CardinalWellsComp--Abn.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/CardinalWellsComp--Abn.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/2.--AoR--and--Corrective--Action--Plan_Hoosier--1_noCBI.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/AoRModeling-07-08-2022-1544/2.--AoR--and--Corrective--Action--Plan_Hoosier--1_noCBI.pdf
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40 CFR 146.84(b) 

 

HOOSIER #1 PROJECT 

 

 

 

Facility Information 

Project Name:  Hoosier #1 

 

Facility Name:  Cardinal Ethanol  

 

Facility Contact: Jeremey Herlyn, Project Manager  

866-559-6026, jeremeyherlyn@cardinalethanol.com  

 

Well Location:  1554 N. 600 E. 

Union City, IN 47390 

Well Location for CCS1 

Latitude  40.186587° 

Longitude -84.864284° 

 

Operator Name: One Carbon Partnership, LP 

   1554 N. 600 E. 

Union City, IN 47390 

 

Several figures contained within this document contain Confidential Business Information (CBI) 

that is privileged and exempt from public disclosure – “Narrative without CBI”. These images 

will be delivered to the United States (US) Environmental Protection Agency (EPA) in a separate 

document – “Narrative with CBI”.  

The figures listed below contain CBI and have been redacted from the publicly disclosed version 

of this document: 

Figure 5: Confidential Business Information: Well log upscaling. 

Figure 6: Confidential Business Information: Effective porosity and permeability cross plots with 

core plugs (grey). 
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This document describes how the geologic and hydrologic information were used to delineate the 

Area of Review (AoR). It also addresses the extent to which the Hoosier #1 Project needs to 

undertake corrective actions for features within the AoR that may penetrate the confining zone, 

and how such corrective actions will be taken if needed in the future. Section 1.1 describes the 

computational model that was used to delineate the AoR, including a description of the simulator 

and the physical processes modeled and a description of the conceptual model and numerical 

implementation. It also describes the AoR, and how the AoR will be re-evaluated over time. 

Section 4 describes the Hoosier #1 Project Corrective Action Plan. This document is intended to 

demonstrate compliance with 40 CFR 146.84.  

1 Computational Modeling Approach (40 CFR 146.84(b)(1)) 

1.1 Model Background 

1.1.1 Static Model 

The Hoosier#1 project made use of two models (Figure 1). The first was a static model which 

incorporated local and regional data in a single model. The second was a smaller computational 

model. The model was developed using Rock Flow Dynamics’ software tNavigator. Table 1 

summarizes the steps and the workflow used to generate the final structural and static model. 

Table 1: Summary of static modeling steps 

Modeling Step Input Data Information 

Injection and Confining 

Zone Details 

• Core data from nine wells and well log 

data were downloaded from public 

data sources 

• Class I injection wells were used as 

calibration points 

• Facies, porosity, and 

permeability of the Eau Claire 

Formation and Mt. Simon 

Sandstone 

• Petrophysical properties 

Incorporate two-dimensional 

(2D) Seismic Survey 

• Three 2D surface seismic lines • Local detail of geologic 

structures 

Formation Surfaces and 

Thickness 

• Well logs • Regional geologic structure 

Static Model • Data above • Develop a model to represent 

subsurface facies, porosity, and 

permeability 

Computational Model • Static model • CO2 and pressure plume 

behavior 

 

The formations or zones that were modeled and the number of layers in each zone have been 

summarized in Table 2. Figure 2 and Figure 3 show the stratigraphic column of horizons while 

Figure 2 and Figure 4 displays the zones used in the static model. The deepest underground 

source of drinking water (USDW) is plotted on these cross sections and is discussed in detail in 

the Project Narrative (Attachment 1: Narrative, 2022).  
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The static model was 141 miles (east-west) by 116 miles (north-south). The area was selected to 

include wells in the region that had reliable petrophysical data. The model contains 24.4 million 

cells. The static model cell size was selected to represent the subsurface heterogeneity and keep 

the cell count small enough to manageably run the computational modeling. Thinner cells were 

used in the injection zone where the computational modeling was focused on the CO2 injection.  

 
Figure 1: Areas covered by the static and computational models 

  

Static Geomodel Boundary

Computational Model Boundary

INEOS Nitriles Class 1

AK Steel Class 1

CCS1
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Table 2: Table of static model formations 

Formation  

(Zone) 
Layer Type 

Number 

of 

Model 

Layers 

X-Y 

Cell 

Length 

Porosity and Permeability 

Data Source 

Undifferentiated 

Proportional 

1 

500ft 

Not modeled 

Trenton Limestone 1 Not modeled 

Knox Formation 1 Not modeled 

Davis Formation 1 Not modeled 

Eau Claire 

Formation 
150 Well logs and Class I wells 

Mt Simon 

Sandstone 
125 Well logs and Class I wells 

Precambrian 

Basement 
40 Not modeled 
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Figure 2: CCS1 modeling stratigraphic column 
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Figure 3: Cross Section A-A’ stratigraphic formations.  

 

 
Figure 4: Cross Section A-A’ static model formations.  

AoR
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1.1.2 Computational Model 

Numerical simulation of carbon dioxide (CO2) injection into deep geologic formations requires 

the modeling of complex, coupled hydrologic, chemical, and thermal processes including multi-

fluid flow and transport, partitioning of CO2 into the aqueous phase, and chemical interactions 

with aqueous fluids and rock minerals. The fluid flow model used for this application is 

Generalized Equation Model (GEM), a commercial simulator developed by Computer Modelling 

Group (CMG) of Calgary, Alberta.   

GEM has been developed by CMG over many years primarily for modeling hydrocarbon 

reservoirs. This simulation software was selected because it has many advanced features for 

carbon sequestration modeling including relative permeability hysteresis, CO2 solubility in 

water, water vaporization, geochemistry, mineralization, thermal, and geomechanical properties.   

For this application, an equation of state (EOS) was developed with three components: CO2, 

methane (CH4), and water (H2O). Since the computational model was originally designed for 

hydrocarbon reservoirs, it requires a hydrocarbon component (CH4), but it is only present as a 

trace component. The phases modeled are supercritical CO2, dissolved CO2 in water, residual 

CO2 (gas trapping), and CO2 trapped by mineralization.     

The model uses well established discretized fluid flow equations and an adaptive-implicit 

method for solving the resulting sparse matrix. Details can be found in the following 

publications: (Collins, D.A., Nghiem, L.X., Li, Y.-K. and Grabenstetter, J.E., May 1992), 

(Thomas, G.W. and Thurnau, D.H., October 1983), (Nghiem, L.X. and Li, Y.-K., September 4-8, 

1989) 

The model uses a cubic EOS with Peng-Robinson (PR) coefficients. Viscosity modeling is 

accomplished by using either the Jossi-Stiel-Thodos or Pedersen correlations. Key assumptions 

include: 

• Eccentricity of molecules 

• Use of random mixing rules  

• Binary interaction parameter  

• Minimum Gibbs energy as an equilibrium criterion 

• Fugacity as a function of measurable properties 

• Volume translation used to improve density prediction 

The processes that were modeled for this application are:  

• Convective and dispersive flow 

• Relative permeability hysteresis 

• Gas solubility in aqueous phase  

• H2O vaporization  

• Mineralization  
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It is also possible to assess the confining layer integrity using geomechanics. An initial 

evaluation was conducted using data from the literature; this evaluation will be updated when 

data from the injection or monitoring wells has been acquired.   

Table 3 describes all of the processes used in the computational modeling to model CO2 trapping 

within the injection zone. All of these primary processes were included in the initial model. No 

new mechanisms are anticipated.   

Table 3: Processes captured in the computational modeling 

Computational Modeling Processes Description 

Convective Flow 
Movement of CO2 through the pore space during the injection 

period 

Dispersive Flow Result of gravity segregation and increasing CO2 solubility in water 

Relative Permeability Hysteresis 
Trapping of CO2 in pore spaces as a result of imbibition (increase in 

wetting phase saturation), which occurs during gravity segregation 

CO2 Solubility Modeled by a modified form of Henry’s law 

H2O Vaporization 
Can occur around the wellbore as a result of high gas velocities and 

can lead to salt precipitation 

Mineralization Long-term trapping mechanism that occurs over thousands of years 

The computational model is a subset of the static model, as it is not required to be as laterally 

extensive. The computational model is 7.9 miles (east-west) by 7.9 miles (north-south) and uses 

smaller 100 ft cells for horizontal gridding. The vertical layering remained consistent. The 

computational modeling focused on the Eau Claire Shale and the Mt Simon Sandstone. 

1.2 Site Geology and Hydrology 

All information regarding the site geology and hydrology are provided in the Project Narrative 

(Attachment 1: Narrative, 2022). This includes the associated figures such as geologic maps, 

hydrologic maps, cross sections, and local stratigraphic columns. 
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1.3 Model Domain 

Model domain information is summarized in Figure 1, Table 4, and Table 5. 

Table 4: Static Model domain information. 

Static Model Domain Information 

Coordinate System Indiana East European Petroleum Survey Group (EPSG) 2965 

Horizontal Datum Indiana East EPSG 2965 

Coordinate System Units feet 

Zone Indiana East EPSG 2965 

FIPSZONE - ADSZONE - 

Coordinate of X min 57216 Coordinate of X max 824716 

Coordinate of Y min 1511167 Coordinate of Y max 2123667 

Elevation of bottom of domain (fbsl) 3967 Elevation of bottom of domain -1187 

 

Table 5: Computational Model domain information. 

Computational Model Domain Information 

Coordinate System Indiana East EPSG 2965 

Horizontal Datum Indiana East EPSG 2965 

Coordinate System Units feet 

Zone Indiana East EPSG 2965 

FIPSZONE - ADSZONE - 

Coordinate of X min 530951 Coordinate of X max 572951 

Coordinate of Y min 1778776 Coordinate of Y max 1820776 

Elevation of bottom of domain (fbsl) 2681 Elevation of bottom of domain 1926 

 

A horizontal grid cell size of 500 feet (ft) was used. For the vertical cell size, proportional 

layering was used to generate cells approximately 4 ft high. The static model included horizons 

from ground level to the model base below the Precambrian horizon (Figure 4). Property 

modeling was focused on the Eau Claire Shale confining zone and the Mt Simon Sandstone 

injection zone.  

1.4 Porosity and Permeability 

1.4.1 Petrophysical Well Log Upscaling 

The Project Narrative includes a discussion of the wells in the region that provided important 

porosity and permeability data for the project as well as the petrophysical analysis that was 

completed on these wells (Attachment 1: Narrative, 2022). The well log data was upscaled and 

distributed into the static model. 
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In order to upscale well logs, an average algorithm is applied to the high-resolution well logs to 

produce one log value for each model cell that is penetrated by the well. Cell height plays a 

significant role in how porosity and permeability logs are upscaled and balances the capture of 

vertical heterogeneity while maintaining a manageable cell-count. Porosity values were upscaled 

into the grid using the arithmetic method (Figure 5).  

The proportional vertical layering captured the variability observed in the porosity and 

permeability core data. The intent of this was to honor thin intervals in the injection zone that 

may represent significant permeability streaks, and thus play a significant role in dynamic 

reservoir behavior. The permeability upscaled cell was calculated from the equations in Figure 6. 

Figure 5 displays how the vertical variation of the wells with core was captured in the vertical 

property interpretation where there are data gaps. 

 

Figure 5: Confidential Business Information: Well log upscaling. 

 
Figure 6: Confidential Business Information: Effective porosity and permeability cross plots with core plugs (grey). 

1.4.2 Facies and Petrophysical Modeling 

The upscaled core porosity from the nine wells provided high vertical resolution at each well for 

the static model; however, little was known about the porosity values between the wells. 

Therefore, variogram analysis was used to interpolate the data from the wells into the interwell 

space such that porosity represented the geological setting.  

Facies were interpolated using the tNavigator Amazonas (Degterev, 2020) process that proved to 

be a reliable way to interpolate these facies data at these distances (Figure 7). The facies of the 

Eau Claire Formation consisted of primary shale with a thin layer of silty sandstone at the base 

which was modeled here to represent the Eau Claire Silt (potential secondary sequestration). The 

facies of the Mt Simon Sandstone were interpolated with two sandstone facies (Sandstone_1 and 

Sandstone_2). In the Precambrian, one facies was used. Figure 7shows the facies thickness maps 

within the Mt Simon Sandstone and the Eau Claire Formation.  
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Figure 7: Facies thickness maps within the Mt. Simon Sandstone and Eau Claire Formation. 
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For each facies type, effective porosity was interpolated using Gaussian Random Function 

Simulation (GRFS) (Figure 8). Since the well data was sparse, a reliable horizontal variogram 

range and direction could not be extracted from variogram maps. To manage this issue, a 

horizontal variogram range of two miles was used in the horizontal direction.  A vertical 

variogram range of approximately 10 feet was able to be extracted for each facies type. Figure 9 

shows the relationship between the facies and effective porosity in the 3D model. 

 
Figure 8: Cross Section A-A’ formations and static model effective porosity. 

 

The equations derived from Figure 6 were used to determine the effective porosity and 

permeability based on facies type (Figure 8 and Figure 10). The flow capacity of the injection 

zone can be characterized by the permeability-height product (kh) (Figure 11). The kh of the 

AoR compares favorably to the kh calculated from the fall-off test (FOT) reported in the INEOS 

(BP Lima) Nitrile disposal wells (INEOS USA LLC, 2015).  
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Figure 9: 3D view of static model showing a) facies, b) effective porosity. 



Plan revision number: N/A 

Plan revision date: July 4, 2022 

Area of Review and Corrective Action Plan for Hoosier #1 Project 

Permit Number: Not Yet Assigned   Page 18 of 52 

 
Figure 10: Cross Section A-A’ formations and static model permeability. 
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Figure 11: Permeability*thickness (kh) Map of the Mt Simon Sandstone. 

 

1.4.3 Geostatistical Summary 

Geological property modelling is a complex process with many variables to optimize for each 

zone including variograms, co-kriging variables, data transformations, etc. A quality model 

should be statistically representative of the available well data and be geologically realistic. 

Statistical analyses were used throughout the static modeling in order to quickly identify 

potential errors and correct them.  

Histogram displays from the model were generated for the AoR as part of the model quality 

control. Figure 12 shows the effective porosity and permeability histograms for the Eau Claire 

Shale, Eau Claire Silt, and Mt. Simon Sandstone for the AoR. Figure 13 displays the histograms 

of well log data, upscaled data (blocked wells) and the final property model to demonstrate how 

the facies properties were honored in the transition from the original well log data to the static 

model. Table 6 is a high-level summary of the geological characteristics of the static model.   
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Figure 12: Effective porosity and permeability histograms for the 2.26-mile radius AoR around CCS1. 
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Figure 13: Effective porosity and permeability histograms of the well logs, upscaled logs (blocked wells)  

and the final interpolated property. 
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Table 6: Summary of static model within the AoR. 

Formation Facies 
Average 

Porosity 

Average 

Permeability 
KH 

Thickness 

(ft) 

Elevation 

(fbsl) 

Depth 

Below 

Ground 

TVD (ft) 

Eau Claire 

Shale 

(confining 

zone) 

Shale 2% 0.0005 md <100 493-553 1,490-1,530 2,578-2,622 

Eau Claire Silt 

(secondary 

sequestration) 

Silty 

Sandstone  

14% 22.6 md 840 ~60 1,927-2,021 3,026-3,731 

Mt Simon 

Sandstone 

(injection 

zone) 

Sandstone_1 

Sandstone_2 

10.9% 31 md 11,000-

18,200 

456-562 1,987-2,081 3,086-3,791 

Precambrian Precambrian uncertain uncertain - basement 2,492-2,609 3,592-3,715 

 

At present, the static model is a reliable representation of the subsurface given the current input 

data; however, uncertainty will exist until site specific data is acquired through the Pre-

Operational Testing Program (Attachment 5: Pre-Op Testing Program, 2022). Site specific well 

log, core, well testing data, and 3D surface seismic data are collected during the pre-operational 

phase of the project. Once new data has been acquired and evaluated, the static model will be 

updated, and the accuracy will improve.  

Wireline well logs from CCS1 and the deep observation well (OBS1) will be used to calibrate 

3D surface seismic data and produce inversion products such as porosity and lithology cubes for 

the area of the surface seismic survey. The logs can also be used to generate a discrete facies log. 

The facies log can be combined with the lithology cube from the surface seismic data to provide 

more detail on the local depositional system. The updated static model will be used for a new 

update to the computational modeling as discussed in Section 4.5. 

The conclusions of the geologic, petrophysical, and statistical analyses include: 

• The Eau Claire Formation is a thick low permeability confining zone. 

• The Mt Simon Sandstone’s thickness and petrophysical properties make it a reliable 

injection zone.  

• The Eau Claire Silt is a potential secondary sequestration zone. 
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1.5 Constitutive Relationships and Other Rock Properties 

A generalized gas-liquid relative permeability curve was used in the model (Figure 14). 

Laboratory curves are not currently available, but the curves used are consistent with published 

curves in the literature and include gas relative permeability hysteresis that is an important gas 

trapping mechanism. Calculation of the imbibition gas relative permeability curve is described 

below, from the GEM user’s manual:   

“For a non-wetting phase (gas) consider a typical drainage process (increasing gas 

saturation) reaching a maximum gas saturation, 𝑆𝑔ℎ, followed by an imbibition 

process (decreasing gas saturation) leading to a trapped gas saturation, 𝑆𝑔𝑟ℎ.” 

The gas relative permeability on the drainage to imbibition scanning curve for a given value of 

the gas saturation, 𝑆𝑔, is given by: 

𝑘𝑟𝑔(𝑆𝑔) = 𝑘𝑟𝑔
𝑑𝑟𝑛(𝑆𝑔𝑓)        (1) 

where the free gas saturation 𝑆𝑔𝑓 is calculated from the following relationship: 

𝑆𝑔𝑓 = 𝑆𝑔𝑐𝑟𝑖𝑡 + 
(𝑆𝑔 −𝑆𝑔𝑟ℎ)(𝑆𝑔ℎ −𝑆𝑔𝑐𝑟𝑖𝑡)

(𝑆𝑔ℎ −𝑆𝑔𝑟ℎ)
        (2) 

(𝑆𝑔ℎ is the reversal saturation) 

Capillary pressure laboratory data is not currently available but is thought to be relatively 

insignificant for a gas-water system in a highly permeable zone.   

The rock compressibility values used in the model were derived by from nearby carbon capture 

and sequestration (CCS) projects. Site specific rock compressibility values will be obtained when 

the wells are drilled for the project as per the Pre-operational Testing Program (Attachment 5: 

Pre-Op Testing Program, 2022).  
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Figure 14: Gas-liquid relative permeability curves used in model, including hysteresis. 

 

1.6 Boundary Conditions 

In the computational model, an aquifer function (Carter-Tracy) was applied to the grid boundary 

(side). The top and bottom of the grid are considered no-flow boundaries. The formation was 

allowed to “leak”, i.e., accept fluids from the grid. This approach was used to simulate the 

pressure response of an infinite-acting aquifer and is considered preferable to using large pore 

volumes on edge grid blocks.  

1.6.1 Initial Conditions 

Initial conditions for the model are given in Table 7. The parameters were estimated from the 

INEOS (BP Lima) Underground Injection Control (UIC) Class I wells (Figure 1).   

 

Table 7: Initial conditions. 

Parameter 
Value or 

Range 
Units 

Corresponding 

Elevation (ft MSL) 
Data Source 

Temperature  96 °F 2,008 INEOS (BP Lima) UIC 

Formation pressure 1,183 psia 2,008 INEOS (BP Lima) UIC 

Fluid density 0.465 psi/ft 2,008 INEOS (BP Lima) UIC 

Salinity 120,000 TDS 2,008 INEOS (BP Lima) UIC 
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1.6.2 Operational Information 

The proposed injection well, CCS1, is part of the Hoosier #1 Project. Details of the proposed 

injection operations are presented in Table 8. 

 

Table 8: Operating details. 

Operating Information Injection Well 

Location (global coordinates) 

Latitude 

 40.186587° 

Longitude-84.864284° 

CCS1 

Model coordinates (ft) 

X: 552167 

Y: 1799966 

CCS1 

No. of perforated intervals 1 

Perforated interval (feet below sea level 

(fbsl)) 

Z top 

Z bottom 

 

 

2,058 

2,559 

Wellbore diameter (in.) 8.5 

Planned injection period 

Start 

End 

 

Q2 2024 

Q2 2056 

Injection duration (years) 30 

Injection rate (t/day) 1,232 

1.6.3 Fracture Pressure and Fracture Gradient 

Calculated fracture gradient and maximum injection pressure values are given in Table 9. 

Fracture gradient was estimated from mini-fracs and step-rate tests performed for: 

• INEOS (BP Lima) Nitriles USA LLC UIC Class I Application (INEOS (BP Lima) 

Nitriles, August 22, 2016), 

• Cleveland-Cliffs Steel Corporation Well # 1, (AK Steel Cleveland-Cliffs Steel 

Corporation, March 15, 2021), 

• Vickery Well Corporation Well # 4 (Vickery Environmental, 2021). 

For each of these permit applications, the Mt Simon Sandstone was tested. The project plans to 

perform a step-rate test in the Mt. Simon Sandstone to determine the fracture gradient at the 

project site as part of the Pre-Operational Testing Program (Attachment 5: Pre-Op Testing 
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Program, 2022). The project specific fracture gradient will be updated in the computational 

model once it is available. 

Table 9: Injection pressure details 

Injection Pressure Details CCS1 

Fracture gradient (psi/ft) 0.84 

Maximum injection pressure gradient (90% of 

fracture pressure) (psi/ft) 

0.75 

Elevation (ft mean sea level (MSL)) -1,100 

Elevation at the top of the perforated interval 

(ft MSL) 

2,058 

Calculated maximum injection pressure at the 

top of the perforated interval (psi) 

2,369 
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2 Computational Modeling Results 

2.1 Predictions of System Behavior 

The following figures have been created to display the predicted behavior of the CO2 plume.  

• Figure 15 CO2 plume with contours that indicate the percentage of CO2 contained 10-

years post injection.  

• Figure 16 and Figure 17 display the CO2 plume in cross section view.  

• Figure 18 shows the predicted CO2 plume at 3-,12-, 20-, and 30-years after the start of 

injection and 10- and 50-years post injection.  

• Figure 19 and Figure 20 show the CO2 plume extent in cross section views.  

• Figure 21 show three-dimensional (3D) views of the plume.   

The CO2 plume radius after 30-years of injection is predicted to be 1.646 miles and after 50-

years post injection the radius is predicted to be 1.700 miles. Figure 18 demonstrates how 

quickly the CO2 plume stabilizes after injection operations cease. 

The pressure plume radius after 30-years of injection is 1.690 miles as shown in Figure 22. The 

pressure plume retracts rapidly post injection and is negligible after two years (Figure 23). The 

CO2 and pressure plumes are irregular in shape due to the heterogeneity and dip of the formation.  
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Figure 15: CO2 plume with contours that indicate the percentage of CO2 contained 10 years post injection.  

The AoR boundary is outlined in blue. 
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Figure 16: Cross section A-A’ with the predicted 10-year post injection CO2 plume. 



Plan revision number: N/A 

Plan revision date: July 4, 2022 

Area of Review and Corrective Action Plan for Hoosier #1 Project 

Permit Number: Not Yet Assigned   Page 30 of 52 

 
Figure 17: Cross Section B-B’ with the predicted 10-year post injection CO2 plume. 
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Figure 18: Time-lapse CO2 plume development map over 3-, 12-, 20-, and 30-years of injection as well as 10- and 50-years 

post injection. Note the relative stability of the CO2 plume radius after injection operations cease. 
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Figure 19: Time-lapse CO2 plume development cross-section A-A’ at years 3-, 12-, and 20-years.  

Note how the heterogeneity of the injection zone affects the plume radius. 
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Figure 20: Time-lapse CO2 plume development cross-section A-A’ at the end of 30-years of injection  

and 10- and 50-years post injection. 
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Figure 21: Time-lapse CO2 plume development in 3D space. 
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Figure 22: Pressure plume based on a 227 psi delta pressure and the AoR. 

 

The AoR was determined based on the maximum predicted pressure plume radius in addition to 

a 0.5 mi buffer (Section 3.2). If subsequent testing and monitoring data acquired over the 

operational phase of the project suggest that a larger CO2 or pressure plume are likely to form, 

the AoR will be adjusted accordingly.  

Key uncertainties include:  

• Storativity (porosity x height)  

• Injectivity or flow capacity (permeability x height) 

• kv/kh ratio (vertical permeability divided by horizontal permeability)  

When the first well is drilled for the project data will be gathered as part of the Pre-operational 

Testing Program to refine these parameters, and the model updated (Attachment 5: Pre-Op 

Testing Program, 2022). Significant changes in the AoR are not expected. The AoR was 

designed to account for the slight expansion of the CO2 plume post injection or the maximum 

extent of the pressure plume (whichever is greater) and a 0.5-mile buffer. The pressure plume is 

expected to shrink rapidly post injection (Figure 23). The model will be refined and updated with 

injection well data and data from observation well. 
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Figure 23: Predicted fall-off in bottomhole pressures (BHP) once injection operations cease after 30 years. 

 

Figure 24 shows a breakdown of the mass of the CO2 injected into three phases: supercritical 

fluid, dissolved gas, and trapped gas. After 50-years post-injection, the percentage breakdown 

are: 61%, 17%, and 22%, respectively. The percentages of dissolved gas and trapped gas will 

continue to increase over time while the supercritical gas will decrease. Mineralization takes 

place over a much longer time and has not been included in Figure 24.     

 

 
Figure 24:  Chart showing supercritical gas, dissolved gas, and trapped gas over time.  

(Mineralization is not significant during this time frame.)    

2.2 Model Calibration and Validation 

History matching was not performed as there is no current injection data available. The model 

was constructed using all available reference information from the INEOS (BP Lima), A.K. 

Steel, and Vickery UIC projects, which included computational modeling studies (INEOS (BP 

Lima) Nitriles, August 22, 2016; AK Steel Cleveland-Cliffs Steel Corporation, March 15, 2021; 

Vickery Environmental, 2021). 
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The kv/kh ratio is a significant unknown given the lack of deep well data in the region. 

Sensitivity analysis was conducted to evaluate the effect of kv/kh ratio on the CO2 plume size. 

The kv/kh value used in the base case is 0.003, which was estimated from a fall-off test from  

the INEOS (BP Lima) Project. Sensitivity cases were run with kv/kh values equal to 0.01 and 

0.1. The individual simulations indicated that the CO2 plume would be smaller with increasing 

values of kv/kh. As kv/kh values increase the rate of vertical migration of the CO2 is higher 

resulting in more residual gas trapping. Lower values of kv/kh result in greater horizontal 

migration of the CO2 and a larger CO2 plume. Table 10 and Figure 26 demonstrate the effect of 

kv/kh on relative size of the CO2 plume.  

 

Table 10: Impact of varying kv/kh values on the CO2 plume radius. 

kv/kh CO2 Plume Radius (mi) 

0.003 1.32 

0.01 1.23 

0.1 1.02 

 

The effect of partial completion was also studied as a sensitivity. The modeling demonstrated 

that the entire interval would need to be perforated to sustainably achieve the required rate from 

the start of injection. A partial completion could result in higher rates of vertical gas migration 

which would result in higher rates of gas trapping and a smaller CO2 plume. However, in this 

case, the difference in plume size was negligible (Figure 26). 
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Figure 25: Effect of kv/kh ratio on CO2 plume size.  Increasing kv/kh results in smaller CO2 plume size  

because of higher rates of residual gas trapping. a. kv/kh = 0.003, b. kv/kh = 0.01, c. kv/kh = 0.1. 

 

a. kv/kh = 0.003 

b. kv/kh = 0.01 

c. kv/kh = 0.1 
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Figure 26: Effect of partial completion on CO2 plume size.  Although full completion is necessary  

to achieve the required injection rate, no difference in maximum radius over time was observed. 
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3 AoR Delineation 

3.1 Critical Pressure Calculations 

To delineate the pressure plume radius, a minimum (or critical) delta pressure was calculated. 

The delta pressure is the increase in pressure necessary to overcome the hydrostatic head of the 

injection zone fluid and would allow fluids to migrate up an open conduit to the lowermost 

USDW in the unlikely event that a conduit exists. The formula for calculating the delta pressure 

is given below (source: UIC Program Class VI Well Area of Review and Corrective Action 

Evaluation Guidance) 

∆𝑃𝑖𝑓 = 𝑃𝑢 + 𝜌𝑖 ∗ (𝑧𝑢 − 𝑧𝑖) − 𝑃        (3) 

Where: 

∆𝑃𝑖𝑓 = delta pressure, 

𝑃𝑢 = initial pressure of the lowermost USDW, 

𝜌𝑖 = fluid density of the injection zone, 

𝑔 = acceleration due to gravity, 

𝑧𝑢 = elevation of the lowermost USDW, 

𝑧𝑖 = elevation of the injection zone, and  

𝑃 = initial pressure of the injection zone. Substituting appropriate values into the equation, a 

minimum delta pressure was calculated to be 227 psi.  

3.2 AoR Delineation 

The AoR was initially selected by observing the delta pressure of each gridblock in the model 

after 30 years of injection. The gridblocks that had a delta pressure equal to or greater than the 

minimum delta pressure (calculated above) and considered to be in the AoR.  A radius was 

measured from the wellbore location to the maximum extent of the pressure plume. A 0.5-mile 

buffer was added to be conservative. Through the Pre-operational Testing Program, uncertainties 

around the injection zone parameters will be addressed, and the static and computational models 

will be updated with the new data (Attachment 5: Pre-Op Testing Program, 2022) . The new 

computational model will be used to recalculate a new maximum radius and the AoR will be 

revised if necessary. OBS1 will be used to monitor changes in injection zone pressure and 

aqueous geochemistry at a distance from the injection well (Attachment 7: Testing And 

Monitoring, 2022). The computational model will be updated to match the observed data. If the 

injection zone does not perform as predicted, the AoR will be re-assessed if necessary.
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4 Corrective Action  

EPA Class VI regulations require the identification of all confining zone penetrations within the 

AoR because these wells could become a preferential pathway for leakage of CO2 and/or 

formation brine fluids out of the injection zone. If necessary, corrective actions will need to be 

performed on the penetrations to prevent leakage that could potentially cause endangerment to a 

USDW. The following sections discuss the findings of an evaluation that was performed to: 

• Identify existing penetrations within the vicinity of the AoR, 

• Determine if any penetrations extend below the primary confining zone, thereby 

presenting a risk of leakage that may require corrective actions, 

• Identify corrective actions and define the approach that will be taken to prevent leakage 

that could endanger a USDW.  

4.1 Tabulation of Wells within the AoR 

4.1.1 Oil and Gas Wells 

There are seven oil and gas (O&G) wells found within a 2.26-mile AoR (Figure 27, Figure 28, 

and Table 11); two of these wells have been converted to shallower groundwater wells. The 

deepest well is IN144860 (Permit# 30922). It is located approximately 1.5 miles southwest of the 

proposed CCS1 site and reaches a depth of 2,310 ft, which is >300 ft above the estimated top of 

the Eau Claire Shale. The well was drilled and completed in 1967 as a Trenton O&G well. 4.5-

inch casing was set at 1,245 ft and cemented with 75 sacks of cement. The Indiana Department 

of Natural Resources (IDNR) has plans to plug this well in 2022. 

The closest well (IN164407) is located approximately 1.0 miles west – southwest of the 

proposed CCS1 site. It was drilled in 2006 and is 1,166 ft deep and approximately 50 ft below 

Trenton top. 6.625-inch casing was set at 495 ft and cemented with 55 sacks of cement. A 

temporary abandonment was issued and expired on 6/8/2015.  
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Figure 27: O&G wells within the AoR. There are only two active O&G  wells within the AoR.  

The rest of the wells are either plugged and abandoned or have been converted to shallower water wells. 
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Figure 28: Cross Section B-B’ with O&G gas well penetrations in the AoR projected from 1 mile.  

None of the O&G wells penetrate the confining layer. The cyan lines denote the AoR boundaries. 
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Table 11: O&G well penetrations in the AoR. Note that only two wells penetrate the Knox Formation. 

IGSID Permit 

Distance 

from 

CCS1 

(miles) 

Lease 
Complete 

Date 

Plugged 

Date 

Status (Plugged 

and Abandoned 

(P&A), Active, 

etc.) 

Producing 

Formation(s) 

Formation 

at TD 

Total 

Depth 

(ft) 

Comment 

164407 53114 1.036 
Noel 

Carpenter 
11/22/2006 - Active 

Trenton 

Limestone 

Trenton 

Lm 
1166 

- 

144859 144859 1.041 Conklin 1913 - 
Presumed 

Plugged 

Trenton 

Assumed 
Kope Fm 1080 

- 

164238 52946 1.459 
Hime Farm 

Corp 
8/9/2006 - Active 

Trenton 

Limestone 

Trenton 

Lm 
1174 

- 

144860 30922 1.526 
Fred 

Tibbetts #1 
5/17/1967 - 

O&G Well 

converted to 

water well 

Trenton 

Limestone 
Potosi Fm 2310 

Well permit 

revoked, 

converted to 

Water 

Well 136398, 

plugged plan 

for winter 

2022  

159112 48735 1.826 Tibbetts #2 12/33/1988 7/26/1989 P&A 
Trenton 

Limestone 

Trenton 

Lm 
1148 

- 

48888 

(IN159114) 
48888 2.121 Bentz #2 12/27/1988 8/4/1989 P&A 

Trenton 

Limestone 

Trenton 

Lm 
1156 

Same well as 

IGSID 

159114 

(which is 

presumed 

to be plugged) 

144861 31891 2.163 

Katherine 

A. 

McCormick 

/ Frazier #2 

4/29/1969 - 

O&G 

Well converted 

to water well 

Trenton 

Limestone 

Shakopee 

Fm 
1670 

Well permit 

revoked, 

converted to 

Water 

Well 272453 
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4.1.2 Water Wells 

Water wells are the most common well type within the AoR. The latest estimate shows that a 

total of 183 groundwater wells are located within the 2.26-mile AoR of CCS1 (Figure 29 through 

Figure 31). The shallow groundwater water wells have depths of less than 321 ft and average 148 

ft. The wells labeled on Figure 29 were originally O&G wells that were plugged back and 

recompleted as water wells. Only two of these deep-water O&G wells are in the AoR, and none 

of these wells penetrate the Eau Claire Shale.  

 
Figure 29: Groundwater wells within the AoR. O&G wells that have been converted  

to water wells in the area have been highlighted. 

 

 

Water wells
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Figure 30: Cross-section C-C’ displaying groundwater wells. Wells were projected from one (1) mile. Note that one water 

well penetrates the Potosi Formation and IDNR has plans to plug this well. The cyan lines denote the AoR boundaries. 
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Figure 31: Cross-section D-D’ through groundwater wells. Wells were projected from one (1) mile. Note that one water 

well penetrates the Shakopee Formation within the AoR. The cyan lines denote the AoR boundaries. 

4.2 Wells within the AoR  

Details of the O&G, and water wells have been provided in the preceding section. The Indiana 

Geological and Water Survey (IGWS) and IDNR, Division of O&G sites were used to compile 

the data for this section. The Hoosier #1 Project is located at T20N R15E Section 17, Randolph 

County. No deep wells were identified in this Township and Range in a special Report 51(Table 

12). Therefore, it is highly unlikely that there was historical drilling prior to the 1960’s. It is not 

believed there are any historical wells in the area that are not captured in available data sources. 

 

 

Table 12: Special Report 51 indicates no deep wells for immediate area (Sullivan, 1995). 

CCS1OBS1

136379 144864

272453 144861

136459 144862 

136439 144863

136419 144865

O&G wells 
plugged back and 
converted to a 
water well

AoR Boundary
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4.2.1 Wells Penetrating the Confining Zone  

As previously stated, the deepest well (IN144860) is located approximately 1.5 mi southwest of 

the proposed CCS1 locations and reached a depth of 2,310 ft, which is >300 feet above the 

estimated Eau Claire Shale top. No wells have penetrated the Eau Claire Shale in the AoR, and 

no corrective action required.  

4.3 Plan for Site Access 

The four primary wells associated with the project (CCS1, OBS1, ACZ1, and USDW1) are 

located on Cardinal Ethanol property and have been sited to minimize issues with flooding or 

other stormwater related issues. Surface use agreements will be put in place to allow surface 

access for periodic 3D seismic data acquisition as well as periodic water sampling. As noted in 

these surface use agreements, proper notification will be given prior to accessing property to 

collect water samples.  

4.4 Corrective Action Schedule 

Currently no wells within the AoR require corrective action. As such, no corrective action 

schedule is necessary at this time.  
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4.5 Reevaluation Schedule and Criteria 

4.5.1 AoR Reevaluation Cycle 

The project will reevaluate the above described AoR every five years during the injection and 

post-injection phases of the project. Additionally, any significant changes to the CO2 stream or 

an increase in the injection volumes will trigger a reevaluation of the AoR.  

As part of this reevaluation, monitoring and operational data will be used to calibrate the 

performance of the well and injection zone to the computational modeling. In addition to 

reviewing the testing and monitoring data on five-year intervals, this data will also be assessed 

on an annual basis to monitor for any unexpected changes in behavior. The testing and 

monitoring data will be included in the model to help calibrate and fine tune the computation 

modeling (history matching). The testing and monitoring data will include of (but is not limited 

to) the following: 

• Surface and bottomhole pressure 

• Total mass injected and mass injection rates 

• Mechanical integrity logs 

o Temperature logs 

o PNL 

• Time-lapse 3D seismic data 

• Microseismic monitoring 

Should notable deviations from the computational modeling results occur, the modeling will be 

re-run, and a new AoR will be re-established. Notable deviations are defined in the following 

section.   

4.5.2 Triggers for AoR Re-evaluations Prior to the Next Scheduled Reevaluation 

Table 13 presents a non-exhaustive list of potential parameters that would trigger a reevaluation 

of the AoR prior to the next scheduled re-evaluation should notable deviations from anticipated 

values occur.  

  



Plan revision number: N/A 

Plan revision date: July 4, 2022 

Area of Review and Corrective Action Plan for Hoosier #1 Project 

Permit Number: Not Yet Assigned   Page 50 of 52 

Table 13: List of potential parameters that could initiate re-evaluation of the AoR. (Note that this list is non-exhaustive.) 

Monitoring Parameter Description  

Pressure 
• Sustained variations in pressure outside of three standard deviations 

from the average  

Temperature 

• Variations in temperature observed during MIT logging activities that 

are determined to be a mechanical integrity issue 

• Sustained variations in temperature outside of three standard deviations 

CO2 Saturation 
• Increased CO2 saturations that indicate migration of CO2 above the 

confining zone and are not a result of a mechanical integrity issues 

Groundwater Constituent 

Concentrations 

• Changes in fluid and chemical content concentrations that indicate 

migration of injection zone fluids into formations overlying the 

confining zone, which are not a result of a mechanical integrity issue 

• Should a statistically significant deviation from the baseline data 

collected from the above confining zone interval occur 

Bottomhole Injection Pressure 
• Should bottomhole pressure exceed 90 percent of the calculated fracture 

pressure 

Well Integrity 

• Change in pressure in the annulus system surrounding he injection well 

that indicates a loss of mechanical integrity in an injection well will be 

investigated 

Seismic Monitoring and Induced 

Seismicity 

• Microseismic monitoring indicates the re-activation of faults or fractures 

that could propagate into the confining layer and impact containment 

 

Additional causes for AoR re-evaluation could include the extension of the CO2 plume or 

pressure front beyond the initial plume predictions based on results of 3D seismic surveys; 

induced seismic events greater than M3.5 within the seismic monitoring area around the project; 

an exceedance of any operating conditions; or, if the data gathered during the Pre-Operational 

Testing Program result substantially changes to the current models and understanding of the 

subsurface.  

Should any of the events occur that are detailed above, the project will discuss AoR re-evaluation 

procedures and timeline with the UIC Program Director to conclude if the re-evaluation is 

necessary.  
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Node X‐coordinate Y‐ coordinate Z‐coordinate
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(0,Ny,Nz) 530951 1820776 1926

(Nx,Ny,Nz) 572951 1820776 1926
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Project Hoosier #1

Instructions:
Please complete the applicable highlighted fields  below and submit the updated version of the file via the GSDT. Provide the domain coordinates of your model domain 

based on one of the following examples (or in another appropriate format based on your mesh type) to define the area used in your model. 



A dynamic model was created by extracting a sub‐model from the larger static model to reduce the 

computer run‐time to a practical level.  All of the boundary conditions are of the Neumann (flux) type.  

The grid top and grid bottom were designated as no‐flow (or zero flux) boundaries.  Since the extent of 

the aquifer is thought to be much larger than the grid boundaries, an analytical aquifer function (Carter‐

Tracy Infinite Acting) was employed to simulate the pressure response of the aquifer and fluids were 

allowed to “leak” across the boundary.  This analytical function was applied to all of the grid‐blocks on 

the four sides of the model.   



Capillary pressure not considered as data are not currently available, model will be updated based on 

results of core testing. 



Capillary pressure not considered as data are not currently available, model will be updated based on 

results of core testing. 



Capillary pressure not considered as data are not currently available, model will be updated based on 

results of core testing. 
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PART II AFFIRMATION

WELL PLUGGING PLAN

I affirm under penalty of perJury that the information provided ln this plan is true and correct to the best of my knowledge and belief. Furthermore, I

understand that this plan will not be valid untit approved by the Division of Oil and Gas and that upon said approval, it will remain valid for a period of

not more than 180 days thereafter, unless the construction of the well has changed which also voids the plan.
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4 Operational Procedures [40 CFR 146.82(a)(10)] 

Consistent with 40 CFR 146.88(b), injection will not occur in the annulus. Injection will only 

occur through the internally coated injection string. As detailed in the well construction plan, the 

annulus will be filled with a non-corrosive fluid, consistent with 40 CFR 146.88(c). 

In this section, the maximum annual and daily injection volumes have been provided. Details on 

the methodology and determination of the maximum injection pressure have also been provided. 

Finally, an operational plan to maintain the annulus pressure and to ensure that mechanical 

integrity is detectable and maintained has been provided.  

4.1 Maximum Injection Volume 

The maximum annual injection volume requested from this permit application is 450 kilotons 

(kT) per year.  This is the volume that has been used for all computational modelling and 

associated CO2 and pressure plume calculations. This equates to a total injected volume of 13.5 

million metric tons of CO2 injected over the 30-year life of the project.  

Based on the maximum annual volume, the average daily volume will be 1,230 metric tons of 

CO2 per day. It is noted that the daily volume of CO2 that is injected is subject to change based 

on operational conditions and system maintenance.  

Based on a projected CO2 density equivalent to 0.401specific gravity (SG), the average injection 

rate to achieve this annual injection volume is approximately 565 gallons per minute, or 13.45 

barrels per minute (19,368 barrels per day).   

4.2 Maximum Injection Pressure 

The maximum allowable injection pressure (MAIP) will be specifically calculated using the 

results of the step rating testing to be performed as part of the pre-operational testing program 

(Attachment 5: Pre-Op Testing Program, 2022). This value will be provided in a subsequent 

document prior to receiving the final, modified injection well permit.  

4.2.1 Determination of Maximum Injection Pressure 

The CO2 injection pressure will be monitored on a continuous basis at the wellhead and 

downhole to ensure that injection pressures do not exceed 90% of the fracture pressure of the 

injection zone per 40 CFR 146.88 (a). If injection pressure exceeds 90% of the injection zone 

fracture pressure, then the injection process will be automatically shutdown per Section 4.5.   

Based on current information, 90% fracture pressure gradient is expected to be 0.75 psi/ft, which 

results in a maximum allowable bottomhole flowing pressure (BHFP) of 2,369 psi at a depth of 

3,159 feet, which is the projected top of the Mt. Simon Sandstone (Attachment 2: AOR and 

Corrective Action, 2022).  Fracture pressure gradient will be specifically determined using the 

data collected during the Pre-Operational Testing Program (Attachment 5: Pre-Op Testing 

Program, 2022). 

Computational modeling predicts that the BHFP at the top of the Mt. Simon Sandstone will be 

approximately 2,050 psi during the first year of normal operations and is anticipated to decline to 

approximately 1,700 psi after five years of injection. An average CO2 fluid density of 25 lb/ft3 

(0.401 SG) is assumed for all hydrostatic calculations; this is representative of average 

conditions over the first five years of injection. Metric numbers have been used for intermediate 

calculations, with English units displayed for permitting purposes.  



Plan revision number: 1.0 

Plan revision date: July 4, 2022 

 

Attachment 6: Well Operation Plan; Hoosier #1 Project  

Permit Number: Not Yet Assigned  Page 8 of 11 

Equation 1 

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 (𝑀𝐴𝐼𝑃) = 𝐵𝐻𝐹𝑃 −  𝑆𝐺𝑓𝑙𝑢𝑖𝑑 ∗ 0.433𝑝𝑠𝑖𝑓𝑡 ∗ (𝐷𝑒𝑝𝑡ℎ − ℎ𝑒𝑎𝑑𝑙𝑜𝑠𝑠)(1) 

Where, the head loss due to friction is calculated using the Moody Equation,  

ℎ𝑒𝑎𝑑𝑙𝑜𝑠𝑠 = 𝑓𝐷
𝐿

𝐷

𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦𝐶𝑂2
2

2𝑔
   (2) 

Where fD, friction factor, is calculated using the Darcy-Weisbach for laminar flow (3) and 

Colebrook for turbulent flow (4) equations,  

𝑓𝐷 =
64

𝑅𝑒
    (3) 

1

√𝑓𝐷
= −2.0𝑙𝑜𝑔10 (

𝜀/𝐷

3.7
+

2.51

𝑅𝑒√𝑓𝐷
)  (4) 

ε/D is the relative roughness, defined by the roughness of the pipe divided by the internal 

diameter (ID) of the pipe. The roughness of the pipe coating (TK-70XT) was defined as 2 

microns (7.874E-05 inches) by the coating manufacturer (Tuboscope). A value of 2.632 E-05 

was used for the relative roughness.  

Re is the Reynolds number, which is defined as, 

𝑅𝑒 =
𝜌𝐶𝑂2𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦𝐶𝑂2𝐼𝐷

𝜇𝐶𝑂2

  (5) 

Based on the previously given inputs, an average injection velocity of 7.85 m/s (defined by a 

maximum annual injection rate of 450kT/yr) (25.8 ft/s), a length of pipe of 970.5 m (3,184 ft), 

and a viscosity of 2.760E-5 kg/m*s a Reynold’s number of 8.662E6 has been calculated. 

Using this value and the relative roughness calculated above, a friction factor of 0.01 was 

calculated using the Colebrook equation.  

This friction factor is plugged into the head loss equation, resulting in a head loss of 400 m, or 

1,312.5 ft. This headloss results in a total friction loss of 227.7 psi. 

By using the hydrostatic injection pressure detailed above, the calculated MAIP using Equation 

(1) is:  

𝑀𝐴𝐼𝑃 = 𝑀𝑎𝑥 𝐵𝐻𝐹𝑃 − 0.433
𝑝𝑠𝑖

𝑓𝑡
∗ 𝑆𝐺 ∗ (𝑀𝑡. 𝑆𝑖𝑚𝑜𝑛 𝑇𝑜𝑝 − 𝐻𝑒𝑎𝑑 𝐿𝑜𝑠𝑠)

= 2,369 𝑝𝑠𝑖 − 0.433
𝑝𝑠𝑖

𝑓𝑡
∗ 0.401 ∗ (3,159 𝑓𝑡 − 1312.5 𝑓𝑡) = 2,048 𝑝𝑠𝑖  

The calculations above make the following assumptions: 

• A constant density column of supercritical CO2 from the surface to the top of the Mt. 

Simon Sandstone  

• The density of the CO2 post compression will be approximately 25 lb/ft3, 

• The injection string will consist of 3.5-inch 9.2 pound per foot coated tubing, 

• The pipe coating roughness (TK 70XT) will be 2 microns, 

• The viscosity of the CO2 will remain at 2.760 E-05 kg/m*s. 
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2.8 Geochemistry [40 CFR 146.82(a)(6)] 

There are a limited number of wells that penetrate the Mt. Simon Sandstone and, currently, little 

data to support detailed aqueous or solid phase geochemical modeling for the project. The Mt. 

Simon Sandstone does contain feldspar, potentially carbon cement, and clay minerals. These 

minerals are reactive with CO2. and it is expected that changes to the aqueous geochemistry of 

the Mt. Simon Sandstone fluids will occur once CO2 injection commences.  

The computational modeling investigated the effect of mineralization on long-term trapping of 

CO2 based on the potential reactions with calcite, anorthite, and kaolinite as part of the PISC 

Alternative Timeframe using the information currently available (Attachment 9: Post-Injection 

Site Care, 2022). This modeling demonstrated that mineralization is not expected to play a 

significant role in trapping for thousands of years. No other geochemical or reactive transport 

modeling has been completed for the injection zone or the confining zone at this time give the 

scarcity of data. 

The Pre-Operational Testing Program details the data that will be acquired in CCS1 and from the 

Deep Observation Well (OBS1) that may be used to support future geochemical modeling 

(Attachment 5: Pre-Op Testing Program, 2022). The mineralogy of the injection zone and 

confining zone will be determined through a combination of core analysis and well logging. Well 

log data will also be acquired through the lowermost USDW and ACZ monitoring zone to assist 

in establishing the mineralogy of these formations. 

Fluid samples will be acquired from the lowermost USDW, the ACZ monitoring interval, and the 

injection zone when the project wells are drilled. The Testing and Monitoring Plan details the 

parameters and analytes that will be used to establish baseline conditions for these formations as 

well as during the injection phase of the project (Attachment 7: Testing And Monitoring, 2022).  

The aqueous geochemistry data gathered during the pre-operational phase of the project will also 

be used to support future geochemical modeling work. Geochemical modeling will likely focus 

on reactions in the injection zone and any reactions in the confining zone that may impact long-

term containment and endangerment of USDWs. 

2.9 Other Information (Including Surface Air and/or Soil Gas Data, if Applicable) 

The Pre-Operational Testing Program presents the data that will be collected in order to 

determine and verify the depth, thickness, mineralogy, lithology, porosity, permeability, and 

geomechanical information of the injection zone, confining zone, and other relevant geologic 

formations via petrophysical logging and analysis, and core acquisition and testing (Attachment 

5: Pre-Op Testing Program, 2022). In addition, baseline 3D surface seismic data will be acquired 

during the pre-injection phase of the project to assist in characterizing injection zone and 

confining zone rock properties away from CCS1 and OBS1.   

At this time, the project does not plan to acquire baseline atmospheric or soil gas data nor are 

there plans to pursue atmospheric or soil gas monitoring during the injection phase of the project.  

2.10 Site Suitability [40 CFR 146.83] 

The AK Steel and INEOS (BP Lima) disposal wells provided useful data on the Eau Claire 

Formation and Mt. Simon Sandstone and were used as analogs for this project. In addition, study 

of other regional well data and computational modeling indicate that the geologic setting of the 

proposed injection zone has the capacity to store 13.5 million metric tons of CO2 over 30 years 

of injection based on: 
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1.1.2 Computational Model 

Numerical simulation of carbon dioxide (CO2) injection into deep geologic formations requires 

the modeling of complex, coupled hydrologic, chemical, and thermal processes including multi-

fluid flow and transport, partitioning of CO2 into the aqueous phase, and chemical interactions 

with aqueous fluids and rock minerals. The fluid flow model used for this application is 

Generalized Equation Model (GEM), a commercial simulator developed by Computer Modelling 

Group (CMG) of Calgary, Alberta.   

GEM has been developed by CMG over many years primarily for modeling hydrocarbon 

reservoirs. This simulation software was selected because it has many advanced features for 

carbon sequestration modeling including relative permeability hysteresis, CO2 solubility in 

water, water vaporization, geochemistry, mineralization, thermal, and geomechanical properties.   

For this application, an equation of state (EOS) was developed with three components: CO2, 

methane (CH4), and water (H2O). Since the computational model was originally designed for 

hydrocarbon reservoirs, it requires a hydrocarbon component (CH4), but it is only present as a 

trace component. The phases modeled are supercritical CO2, dissolved CO2 in water, residual 

CO2 (gas trapping), and CO2 trapped by mineralization.     

The model uses well established discretized fluid flow equations and an adaptive-implicit 

method for solving the resulting sparse matrix. Details can be found in the following 

publications: (Collins, D.A., Nghiem, L.X., Li, Y.-K. and Grabenstetter, J.E., May 1992), 

(Thomas, G.W. and Thurnau, D.H., October 1983), (Nghiem, L.X. and Li, Y.-K., September 4-8, 

1989) 

The model uses a cubic EOS with Peng-Robinson (PR) coefficients. Viscosity modeling is 

accomplished by using either the Jossi-Stiel-Thodos or Pedersen correlations. Key assumptions 

include: 

• Eccentricity of molecules 

• Use of random mixing rules  

• Binary interaction parameter  

• Minimum Gibbs energy as an equilibrium criterion 

• Fugacity as a function of measurable properties 

• Volume translation used to improve density prediction 

The processes that were modeled for this application are:  

• Convective and dispersive flow 

• Relative permeability hysteresis 

• Gas solubility in aqueous phase  

• H2O vaporization  

• Mineralization  
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It is also possible to assess the confining layer integrity using geomechanics. An initial 

evaluation was conducted using data from the literature; this evaluation will be updated when 

data from the injection or monitoring wells has been acquired.   

Table 3 describes all of the processes used in the computational modeling to model CO2 trapping 

within the injection zone. All of these primary processes were included in the initial model. No 

new mechanisms are anticipated.   

Table 3: Processes captured in the computational modeling 

Computational Modeling Processes Description 

Convective Flow 
Movement of CO2 through the pore space during the injection 

period 

Dispersive Flow Result of gravity segregation and increasing CO2 solubility in water 

Relative Permeability Hysteresis 
Trapping of CO2 in pore spaces as a result of imbibition (increase in 

wetting phase saturation), which occurs during gravity segregation 

CO2 Solubility Modeled by a modified form of Henry’s law 

H2O Vaporization 
Can occur around the wellbore as a result of high gas velocities and 

can lead to salt precipitation 

Mineralization Long-term trapping mechanism that occurs over thousands of years 

The computational model is a subset of the static model, as it is not required to be as laterally 

extensive. The computational model is 7.9 miles (east-west) by 7.9 miles (north-south) and uses 

smaller 100 ft cells for horizontal gridding. The vertical layering remained consistent. The 

computational modeling focused on the Eau Claire Shale and the Mt Simon Sandstone. 

1.2 Site Geology and Hydrology 

All information regarding the site geology and hydrology are provided in the Project Narrative 

(Attachment 1: Narrative, 2022). This includes the associated figures such as geologic maps, 

hydrologic maps, cross sections, and local stratigraphic columns. 
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2.8 Geochemistry [40 CFR 146.82(a)(6)] 

There are a limited number of wells that penetrate the Mt. Simon Sandstone and, currently, little 

data to support detailed aqueous or solid phase geochemical modeling for the project. The Mt. 

Simon Sandstone does contain feldspar, potentially carbon cement, and clay minerals. These 

minerals are reactive with CO2. and it is expected that changes to the aqueous geochemistry of 

the Mt. Simon Sandstone fluids will occur once CO2 injection commences.  

The computational modeling investigated the effect of mineralization on long-term trapping of 

CO2 based on the potential reactions with calcite, anorthite, and kaolinite as part of the PISC 

Alternative Timeframe using the information currently available (Attachment 9: Post-Injection 

Site Care, 2022). This modeling demonstrated that mineralization is not expected to play a 

significant role in trapping for thousands of years. No other geochemical or reactive transport 

modeling has been completed for the injection zone or the confining zone at this time give the 

scarcity of data. 

The Pre-Operational Testing Program details the data that will be acquired in CCS1 and from the 

Deep Observation Well (OBS1) that may be used to support future geochemical modeling 

(Attachment 5: Pre-Op Testing Program, 2022). The mineralogy of the injection zone and 

confining zone will be determined through a combination of core analysis and well logging. Well 

log data will also be acquired through the lowermost USDW and ACZ monitoring zone to assist 

in establishing the mineralogy of these formations. 

Fluid samples will be acquired from the lowermost USDW, the ACZ monitoring interval, and the 

injection zone when the project wells are drilled. The Testing and Monitoring Plan details the 

parameters and analytes that will be used to establish baseline conditions for these formations as 

well as during the injection phase of the project (Attachment 7: Testing And Monitoring, 2022).  

The aqueous geochemistry data gathered during the pre-operational phase of the project will also 

be used to support future geochemical modeling work. Geochemical modeling will likely focus 

on reactions in the injection zone and any reactions in the confining zone that may impact long-

term containment and endangerment of USDWs. 

2.9 Other Information (Including Surface Air and/or Soil Gas Data, if Applicable) 

The Pre-Operational Testing Program presents the data that will be collected in order to 

determine and verify the depth, thickness, mineralogy, lithology, porosity, permeability, and 

geomechanical information of the injection zone, confining zone, and other relevant geologic 

formations via petrophysical logging and analysis, and core acquisition and testing (Attachment 

5: Pre-Op Testing Program, 2022). In addition, baseline 3D surface seismic data will be acquired 

during the pre-injection phase of the project to assist in characterizing injection zone and 

confining zone rock properties away from CCS1 and OBS1.   

At this time, the project does not plan to acquire baseline atmospheric or soil gas data nor are 

there plans to pursue atmospheric or soil gas monitoring during the injection phase of the project.  

2.10 Site Suitability [40 CFR 146.83] 

The AK Steel and INEOS (BP Lima) disposal wells provided useful data on the Eau Claire 

Formation and Mt. Simon Sandstone and were used as analogs for this project. In addition, study 

of other regional well data and computational modeling indicate that the geologic setting of the 

proposed injection zone has the capacity to store 13.5 million metric tons of CO2 over 30 years 

of injection based on: 
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2.5 Geomechanical and Petrophysical Information [40 CFR 146.82 (a)(3)(iv)] 

2.5.1 Geomechanics  

Simple geomechanical modeling was completed to test the integrity of the confining zone. The 

computation modeling results were used as input to for the geomechanical modeling (Attachment 

2: AoR and Corrective Action, 2022). Geomechanical information for the Eau Claire and Mt. 

Simon formations was found in the INEOS (BP Lima) Class I permit (Table 11). The average 

values were used to model the Eau Claire confining zone integrity given the anticipated injection 

rate of 400 kt/Y. In addition, step-rate test data and information on the breakdown, propagation, 

and closure gradients were obtained from this permit to support the modeling of the confining 

zone integrity (Figure 30 and Table 12). 

Table 11: Summary of Young’s Modulus, Poisson’s Ratio, and Bulk Compressibility values from the INEOS (BP Lima) 

Nitriles UIC permit (INEOS USA, LLC, 2015). 
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Figure 30: Geomechanical data from the INEOS (BP Lima) Nitriles disposal site. A. step rate test results b. breakdown, 

propagation, and closure gradients (INEOS (BP Lima) Nitriles, August 22, 2016) 

 

Table 12: Summary of breakdown, propagation, and closure gradients and pressures for the top of the Mt. Simon 

Sandstone at 3,100 ft based on the INEOS (BP Lima) Nitriles permit (INEOS (BP Lima) Nitriles, August 22, 2016) 

 Gradient (psi/ ft) Pressure (psia) 

Breakdown 0.842 2,610 

Propagation 0.776 2,406 

Closure 0.690 2,139 

The geomechanical modeling predicted an initial mean effective stress of 795 and 966 psi for the 

tops of the Eau Claire Formation and Mt. Simon Sandstone, respectively. It also predicts a 

maximum increase in pore pressure of 378 psi at the top of the Mt. Simon Sandstone, which is 

below the pressures required to open fractures within the Eau Claire Shale. It also showed no 

evidence of CO2 migration into the Eau Claire Shale after 30 years of injection. Even at injection 

rates of 1.9 MMT/yr, the decrease in effective stress on the confining zone was not enough to 

open existing fractures. 

During the pre-operational phase of the project, a variety of site-specific data from the confining 

and injection zones will be acquired in the project wells to support further geomechanical 

modeling. These data include: 

• Caliper and image logs,  

• Triaxial testing to establish geomechanical parameters such as rock strength, Young’s 

Modulus, Poisson’s Ratio, and fracture gradient, 

• Step-rate testing.  

a. Step Rate Test Results b. Gradient Measurements
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This document describes how the geologic and hydrologic information were used to delineate the 

Area of Review (AoR). It also addresses the extent to which the Hoosier #1 Project needs to 

undertake corrective actions for features within the AoR that may penetrate the confining zone, 

and how such corrective actions will be taken if needed in the future. Section 1.1 describes the 

computational model that was used to delineate the AoR, including a description of the simulator 

and the physical processes modeled and a description of the conceptual model and numerical 

implementation. It also describes the AoR, and how the AoR will be re-evaluated over time. 

Section 4 describes the Hoosier #1 Project Corrective Action Plan. This document is intended to 

demonstrate compliance with 40 CFR 146.84.  

1 Computational Modeling Approach (40 CFR 146.84(b)(1)) 

1.1 Model Background 

1.1.1 Static Model 

The Hoosier#1 project made use of two models (Figure 1). The first was a static model which 

incorporated local and regional data in a single model. The second was a smaller computational 

model. The model was developed using Rock Flow Dynamics’ software tNavigator. Table 1 

summarizes the steps and the workflow used to generate the final structural and static model. 

Table 1: Summary of static modeling steps 

Modeling Step Input Data Information 

Injection and Confining 

Zone Details 

• Core data from nine wells and well log 

data were downloaded from public 

data sources 

• Class I injection wells were used as 

calibration points 

• Facies, porosity, and 

permeability of the Eau Claire 

Formation and Mt. Simon 

Sandstone 

• Petrophysical properties 

Incorporate two-dimensional 

(2D) Seismic Survey 

• Three 2D surface seismic lines • Local detail of geologic 

structures 

Formation Surfaces and 

Thickness 

• Well logs • Regional geologic structure 

Static Model • Data above • Develop a model to represent 

subsurface facies, porosity, and 

permeability 

Computational Model • Static model • CO2 and pressure plume 

behavior 

 

The formations or zones that were modeled and the number of layers in each zone have been 

summarized in Table 2. Figure 2 and Figure 3 show the stratigraphic column of horizons while 

Figure 2 and Figure 4 displays the zones used in the static model. The deepest underground 

source of drinking water (USDW) is plotted on these cross sections and is discussed in detail in 

the Project Narrative (Attachment 1: Narrative, 2022).  
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The static model was 141 miles (east-west) by 116 miles (north-south). The area was selected to 

include wells in the region that had reliable petrophysical data. The model contains 24.4 million 

cells. The static model cell size was selected to represent the subsurface heterogeneity and keep 

the cell count small enough to manageably run the computational modeling. Thinner cells were 

used in the injection zone where the computational modeling was focused on the CO2 injection.  

 
Figure 1: Areas covered by the static and computational models 

  

Static Geomodel Boundary

Computational Model Boundary

INEOS Nitriles Class 1

AK Steel Class 1

CCS1
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Table 2: Table of static model formations 

Formation  

(Zone) 
Layer Type 

Number 

of 

Model 

Layers 

X-Y 

Cell 

Length 

Porosity and Permeability 

Data Source 

Undifferentiated 

Proportional 

1 

500ft 

Not modeled 

Trenton Limestone 1 Not modeled 

Knox Formation 1 Not modeled 

Davis Formation 1 Not modeled 

Eau Claire 

Formation 
150 Well logs and Class I wells 

Mt Simon 

Sandstone 
125 Well logs and Class I wells 

Precambrian 

Basement 
40 Not modeled 
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Figure 2: CCS1 modeling stratigraphic column 
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Figure 3: Cross Section A-A’ stratigraphic formations.  

 

 
Figure 4: Cross Section A-A’ static model formations.  

AoR
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1.1.2 Computational Model 

Numerical simulation of carbon dioxide (CO2) injection into deep geologic formations requires 

the modeling of complex, coupled hydrologic, chemical, and thermal processes including multi-

fluid flow and transport, partitioning of CO2 into the aqueous phase, and chemical interactions 

with aqueous fluids and rock minerals. The fluid flow model used for this application is 

Generalized Equation Model (GEM), a commercial simulator developed by Computer Modelling 

Group (CMG) of Calgary, Alberta.   

GEM has been developed by CMG over many years primarily for modeling hydrocarbon 

reservoirs. This simulation software was selected because it has many advanced features for 

carbon sequestration modeling including relative permeability hysteresis, CO2 solubility in 

water, water vaporization, geochemistry, mineralization, thermal, and geomechanical properties.   

For this application, an equation of state (EOS) was developed with three components: CO2, 

methane (CH4), and water (H2O). Since the computational model was originally designed for 

hydrocarbon reservoirs, it requires a hydrocarbon component (CH4), but it is only present as a 

trace component. The phases modeled are supercritical CO2, dissolved CO2 in water, residual 

CO2 (gas trapping), and CO2 trapped by mineralization.     

The model uses well established discretized fluid flow equations and an adaptive-implicit 

method for solving the resulting sparse matrix. Details can be found in the following 

publications: (Collins, D.A., Nghiem, L.X., Li, Y.-K. and Grabenstetter, J.E., May 1992), 

(Thomas, G.W. and Thurnau, D.H., October 1983), (Nghiem, L.X. and Li, Y.-K., September 4-8, 

1989) 

The model uses a cubic EOS with Peng-Robinson (PR) coefficients. Viscosity modeling is 

accomplished by using either the Jossi-Stiel-Thodos or Pedersen correlations. Key assumptions 

include: 

• Eccentricity of molecules 

• Use of random mixing rules  

• Binary interaction parameter  

• Minimum Gibbs energy as an equilibrium criterion 

• Fugacity as a function of measurable properties 

• Volume translation used to improve density prediction 

The processes that were modeled for this application are:  

• Convective and dispersive flow 

• Relative permeability hysteresis 

• Gas solubility in aqueous phase  

• H2O vaporization  

• Mineralization  
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It is also possible to assess the confining layer integrity using geomechanics. An initial 

evaluation was conducted using data from the literature; this evaluation will be updated when 

data from the injection or monitoring wells has been acquired.   

Table 3 describes all of the processes used in the computational modeling to model CO2 trapping 

within the injection zone. All of these primary processes were included in the initial model. No 

new mechanisms are anticipated.   

Table 3: Processes captured in the computational modeling 

Computational Modeling Processes Description 

Convective Flow 
Movement of CO2 through the pore space during the injection 

period 

Dispersive Flow Result of gravity segregation and increasing CO2 solubility in water 

Relative Permeability Hysteresis 
Trapping of CO2 in pore spaces as a result of imbibition (increase in 

wetting phase saturation), which occurs during gravity segregation 

CO2 Solubility Modeled by a modified form of Henry’s law 

H2O Vaporization 
Can occur around the wellbore as a result of high gas velocities and 

can lead to salt precipitation 

Mineralization Long-term trapping mechanism that occurs over thousands of years 

The computational model is a subset of the static model, as it is not required to be as laterally 

extensive. The computational model is 7.9 miles (east-west) by 7.9 miles (north-south) and uses 

smaller 100 ft cells for horizontal gridding. The vertical layering remained consistent. The 

computational modeling focused on the Eau Claire Shale and the Mt Simon Sandstone. 

1.2 Site Geology and Hydrology 

All information regarding the site geology and hydrology are provided in the Project Narrative 

(Attachment 1: Narrative, 2022). This includes the associated figures such as geologic maps, 

hydrologic maps, cross sections, and local stratigraphic columns. 
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1.3 Model Domain 

Model domain information is summarized in Figure 1, Table 4, and Table 5. 

Table 4: Static Model domain information. 

Static Model Domain Information 

Coordinate System Indiana East European Petroleum Survey Group (EPSG) 2965 

Horizontal Datum Indiana East EPSG 2965 

Coordinate System Units feet 

Zone Indiana East EPSG 2965 

FIPSZONE - ADSZONE - 

Coordinate of X min 57216 Coordinate of X max 824716 

Coordinate of Y min 1511167 Coordinate of Y max 2123667 

Elevation of bottom of domain (fbsl) 3967 Elevation of bottom of domain -1187 

 

Table 5: Computational Model domain information. 

Computational Model Domain Information 

Coordinate System Indiana East EPSG 2965 

Horizontal Datum Indiana East EPSG 2965 

Coordinate System Units feet 

Zone Indiana East EPSG 2965 

FIPSZONE - ADSZONE - 

Coordinate of X min 530951 Coordinate of X max 572951 

Coordinate of Y min 1778776 Coordinate of Y max 1820776 

Elevation of bottom of domain (fbsl) 2681 Elevation of bottom of domain 1926 

 

A horizontal grid cell size of 500 feet (ft) was used. For the vertical cell size, proportional 

layering was used to generate cells approximately 4 ft high. The static model included horizons 

from ground level to the model base below the Precambrian horizon (Figure 4). Property 

modeling was focused on the Eau Claire Shale confining zone and the Mt Simon Sandstone 

injection zone.  

1.4 Porosity and Permeability 

1.4.1 Petrophysical Well Log Upscaling 

The Project Narrative includes a discussion of the wells in the region that provided important 

porosity and permeability data for the project as well as the petrophysical analysis that was 

completed on these wells (Attachment 1: Narrative, 2022). The well log data was upscaled and 

distributed into the static model. 



The critical delta pressure is the increase in pressure necessary for injection zone fluids to reach the 

lowermost USDW through a conduit, such as an old wellbore that penetrates the injection zone.  

Although this is a highly unlikely event, the AoR is established using this criteria and all wellbores in the 

area that penetrate the injection zone are identified and reported. 

 

Calculation of Critical Delta Pressure for Pressure Plume Determination: 

 

∆𝑃𝑖𝑓=𝑃𝑢+𝜌𝑖𝑔∙(𝑧𝑢−𝑧𝑖)−𝑃 

 

Where, 

∆𝑃𝑖𝑓  Critical Delta Pressure for Pressure Plume  227 psi 

𝑃𝑢  USDW Initial Pressure  171 psia 

𝜌𝑖𝑔  Injection Zone Fluid Gradient  0.465 psi/ft 

𝑧𝑢  Elevation of USDW  450’ 

𝑧𝑖  Elevation of Injection Zone  3,114’ 

𝑃  Injection Zone Initial Pressure  1,183 psia 



Plan revision number: N/A 

Plan revision date: July 4, 2022 

Area of Review and Corrective Action Plan for Hoosier #1 Project 

Permit Number: Not Yet Assigned   Page 7 of 52 

The static model was 141 miles (east-west) by 116 miles (north-south). The area was selected to 

include wells in the region that had reliable petrophysical data. The model contains 24.4 million 

cells. The static model cell size was selected to represent the subsurface heterogeneity and keep 

the cell count small enough to manageably run the computational modeling. Thinner cells were 

used in the injection zone where the computational modeling was focused on the CO2 injection.  

 
Figure 1: Areas covered by the static and computational models 

  

Static Geomodel Boundary

Computational Model Boundary

INEOS Nitriles Class 1

AK Steel Class 1

CCS1
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Figure 9: 3D view of static model showing a) facies, b) effective porosity. 
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Figure 21: Time-lapse CO2 plume development in 3D space. 

 

 

CO2 year  12 2034

CO2 year 20 2042

CO2 year 30 last year of injection 2052

CO2 year 40 10 years post  
injection 2062

Vertical 5X



Salt precipitation is a feature included in CMG modeling software, but has not been incorporated into 

this version of the model. The model will be updated based on the results from geochemical analysis. 
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In order to upscale well logs, an average algorithm is applied to the high-resolution well logs to 

produce one log value for each model cell that is penetrated by the well. Cell height plays a 

significant role in how porosity and permeability logs are upscaled and balances the capture of 

vertical heterogeneity while maintaining a manageable cell-count. Porosity values were upscaled 

into the grid using the arithmetic method (Figure 5).  

The proportional vertical layering captured the variability observed in the porosity and 

permeability core data. The intent of this was to honor thin intervals in the injection zone that 

may represent significant permeability streaks, and thus play a significant role in dynamic 

reservoir behavior. The permeability upscaled cell was calculated from the equations in Figure 6. 

Figure 5 displays how the vertical variation of the wells with core was captured in the vertical 

property interpretation where there are data gaps. 

 

Figure 5: Confidential Business Information: Well log upscaling. 

 
Figure 6: Confidential Business Information: Effective porosity and permeability cross plots with core plugs (grey). 

1.4.2 Facies and Petrophysical Modeling 

The upscaled core porosity from the nine wells provided high vertical resolution at each well for 

the static model; however, little was known about the porosity values between the wells. 

Therefore, variogram analysis was used to interpolate the data from the wells into the interwell 

space such that porosity represented the geological setting.  

Facies were interpolated using the tNavigator Amazonas (Degterev, 2020) process that proved to 

be a reliable way to interpolate these facies data at these distances (Figure 7). The facies of the 

Eau Claire Formation consisted of primary shale with a thin layer of silty sandstone at the base 

which was modeled here to represent the Eau Claire Silt (potential secondary sequestration). The 

facies of the Mt Simon Sandstone were interpolated with two sandstone facies (Sandstone_1 and 

Sandstone_2). In the Precambrian, one facies was used. Figure 7shows the facies thickness maps 

within the Mt Simon Sandstone and the Eau Claire Formation.  
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Figure 7: Facies thickness maps within the Mt. Simon Sandstone and Eau Claire Formation. 
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For each facies type, effective porosity was interpolated using Gaussian Random Function 

Simulation (GRFS) (Figure 8). Since the well data was sparse, a reliable horizontal variogram 

range and direction could not be extracted from variogram maps. To manage this issue, a 

horizontal variogram range of two miles was used in the horizontal direction.  A vertical 

variogram range of approximately 10 feet was able to be extracted for each facies type. Figure 9 

shows the relationship between the facies and effective porosity in the 3D model. 

 
Figure 8: Cross Section A-A’ formations and static model effective porosity. 

 

The equations derived from Figure 6 were used to determine the effective porosity and 

permeability based on facies type (Figure 8 and Figure 10). The flow capacity of the injection 

zone can be characterized by the permeability-height product (kh) (Figure 11). The kh of the 

AoR compares favorably to the kh calculated from the fall-off test (FOT) reported in the INEOS 

(BP Lima) Nitrile disposal wells (INEOS USA LLC, 2015).  
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Figure 9: 3D view of static model showing a) facies, b) effective porosity. 
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Figure 10: Cross Section A-A’ formations and static model permeability. 
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Figure 11: Permeability*thickness (kh) Map of the Mt Simon Sandstone. 

 

1.4.3 Geostatistical Summary 

Geological property modelling is a complex process with many variables to optimize for each 

zone including variograms, co-kriging variables, data transformations, etc. A quality model 

should be statistically representative of the available well data and be geologically realistic. 

Statistical analyses were used throughout the static modeling in order to quickly identify 

potential errors and correct them.  

Histogram displays from the model were generated for the AoR as part of the model quality 

control. Figure 12 shows the effective porosity and permeability histograms for the Eau Claire 

Shale, Eau Claire Silt, and Mt. Simon Sandstone for the AoR. Figure 13 displays the histograms 

of well log data, upscaled data (blocked wells) and the final property model to demonstrate how 

the facies properties were honored in the transition from the original well log data to the static 

model. Table 6 is a high-level summary of the geological characteristics of the static model.   
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Figure 12: Effective porosity and permeability histograms for the 2.26-mile radius AoR around CCS1. 
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Figure 13: Effective porosity and permeability histograms of the well logs, upscaled logs (blocked wells)  

and the final interpolated property. 
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Table 6: Summary of static model within the AoR. 

Formation Facies 
Average 

Porosity 

Average 

Permeability 
KH 

Thickness 

(ft) 

Elevation 

(fbsl) 

Depth 

Below 

Ground 

TVD (ft) 

Eau Claire 

Shale 

(confining 

zone) 

Shale 2% 0.0005 md <100 493-553 1,490-1,530 2,578-2,622 

Eau Claire Silt 

(secondary 

sequestration) 

Silty 

Sandstone  

14% 22.6 md 840 ~60 1,927-2,021 3,026-3,731 

Mt Simon 

Sandstone 

(injection 

zone) 

Sandstone_1 

Sandstone_2 

10.9% 31 md 11,000-

18,200 

456-562 1,987-2,081 3,086-3,791 

Precambrian Precambrian uncertain uncertain - basement 2,492-2,609 3,592-3,715 

 

At present, the static model is a reliable representation of the subsurface given the current input 

data; however, uncertainty will exist until site specific data is acquired through the Pre-

Operational Testing Program (Attachment 5: Pre-Op Testing Program, 2022). Site specific well 

log, core, well testing data, and 3D surface seismic data are collected during the pre-operational 

phase of the project. Once new data has been acquired and evaluated, the static model will be 

updated, and the accuracy will improve.  

Wireline well logs from CCS1 and the deep observation well (OBS1) will be used to calibrate 

3D surface seismic data and produce inversion products such as porosity and lithology cubes for 

the area of the surface seismic survey. The logs can also be used to generate a discrete facies log. 

The facies log can be combined with the lithology cube from the surface seismic data to provide 

more detail on the local depositional system. The updated static model will be used for a new 

update to the computational modeling as discussed in Section 4.5. 

The conclusions of the geologic, petrophysical, and statistical analyses include: 

• The Eau Claire Formation is a thick low permeability confining zone. 

• The Mt Simon Sandstone’s thickness and petrophysical properties make it a reliable 

injection zone.  

• The Eau Claire Silt is a potential secondary sequestration zone. 
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In order to upscale well logs, an average algorithm is applied to the high-resolution well logs to 

produce one log value for each model cell that is penetrated by the well. Cell height plays a 

significant role in how porosity and permeability logs are upscaled and balances the capture of 

vertical heterogeneity while maintaining a manageable cell-count. Porosity values were upscaled 

into the grid using the arithmetic method (Figure 5).  

The proportional vertical layering captured the variability observed in the porosity and 

permeability core data. The intent of this was to honor thin intervals in the injection zone that 

may represent significant permeability streaks, and thus play a significant role in dynamic 

reservoir behavior. The permeability upscaled cell was calculated from the equations in Figure 6. 

Figure 5 displays how the vertical variation of the wells with core was captured in the vertical 

property interpretation where there are data gaps. 

 

Figure 5: Confidential Business Information: Well log upscaling. 

 
Figure 6: Confidential Business Information: Effective porosity and permeability cross plots with core plugs (grey). 

1.4.2 Facies and Petrophysical Modeling 

The upscaled core porosity from the nine wells provided high vertical resolution at each well for 

the static model; however, little was known about the porosity values between the wells. 

Therefore, variogram analysis was used to interpolate the data from the wells into the interwell 

space such that porosity represented the geological setting.  

Facies were interpolated using the tNavigator Amazonas (Degterev, 2020) process that proved to 

be a reliable way to interpolate these facies data at these distances (Figure 7). The facies of the 

Eau Claire Formation consisted of primary shale with a thin layer of silty sandstone at the base 

which was modeled here to represent the Eau Claire Silt (potential secondary sequestration). The 

facies of the Mt Simon Sandstone were interpolated with two sandstone facies (Sandstone_1 and 

Sandstone_2). In the Precambrian, one facies was used. Figure 7shows the facies thickness maps 

within the Mt Simon Sandstone and the Eau Claire Formation.  
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Figure 7: Facies thickness maps within the Mt. Simon Sandstone and Eau Claire Formation. 
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For each facies type, effective porosity was interpolated using Gaussian Random Function 

Simulation (GRFS) (Figure 8). Since the well data was sparse, a reliable horizontal variogram 

range and direction could not be extracted from variogram maps. To manage this issue, a 

horizontal variogram range of two miles was used in the horizontal direction.  A vertical 

variogram range of approximately 10 feet was able to be extracted for each facies type. Figure 9 

shows the relationship between the facies and effective porosity in the 3D model. 

 
Figure 8: Cross Section A-A’ formations and static model effective porosity. 

 

The equations derived from Figure 6 were used to determine the effective porosity and 

permeability based on facies type (Figure 8 and Figure 10). The flow capacity of the injection 

zone can be characterized by the permeability-height product (kh) (Figure 11). The kh of the 

AoR compares favorably to the kh calculated from the fall-off test (FOT) reported in the INEOS 

(BP Lima) Nitrile disposal wells (INEOS USA LLC, 2015).  
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Figure 9: 3D view of static model showing a) facies, b) effective porosity. 
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Figure 10: Cross Section A-A’ formations and static model permeability. 
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Figure 11: Permeability*thickness (kh) Map of the Mt Simon Sandstone. 

 

1.4.3 Geostatistical Summary 

Geological property modelling is a complex process with many variables to optimize for each 

zone including variograms, co-kriging variables, data transformations, etc. A quality model 

should be statistically representative of the available well data and be geologically realistic. 

Statistical analyses were used throughout the static modeling in order to quickly identify 

potential errors and correct them.  

Histogram displays from the model were generated for the AoR as part of the model quality 

control. Figure 12 shows the effective porosity and permeability histograms for the Eau Claire 

Shale, Eau Claire Silt, and Mt. Simon Sandstone for the AoR. Figure 13 displays the histograms 

of well log data, upscaled data (blocked wells) and the final property model to demonstrate how 

the facies properties were honored in the transition from the original well log data to the static 

model. Table 6 is a high-level summary of the geological characteristics of the static model.   
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Figure 12: Effective porosity and permeability histograms for the 2.26-mile radius AoR around CCS1. 
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Figure 13: Effective porosity and permeability histograms of the well logs, upscaled logs (blocked wells)  

and the final interpolated property. 
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Table 6: Summary of static model within the AoR. 

Formation Facies 
Average 

Porosity 

Average 

Permeability 
KH 

Thickness 

(ft) 

Elevation 

(fbsl) 

Depth 

Below 

Ground 

TVD (ft) 

Eau Claire 

Shale 

(confining 

zone) 

Shale 2% 0.0005 md <100 493-553 1,490-1,530 2,578-2,622 

Eau Claire Silt 

(secondary 

sequestration) 

Silty 

Sandstone  

14% 22.6 md 840 ~60 1,927-2,021 3,026-3,731 

Mt Simon 

Sandstone 

(injection 

zone) 

Sandstone_1 

Sandstone_2 

10.9% 31 md 11,000-

18,200 

456-562 1,987-2,081 3,086-3,791 

Precambrian Precambrian uncertain uncertain - basement 2,492-2,609 3,592-3,715 

 

At present, the static model is a reliable representation of the subsurface given the current input 

data; however, uncertainty will exist until site specific data is acquired through the Pre-

Operational Testing Program (Attachment 5: Pre-Op Testing Program, 2022). Site specific well 

log, core, well testing data, and 3D surface seismic data are collected during the pre-operational 

phase of the project. Once new data has been acquired and evaluated, the static model will be 

updated, and the accuracy will improve.  

Wireline well logs from CCS1 and the deep observation well (OBS1) will be used to calibrate 

3D surface seismic data and produce inversion products such as porosity and lithology cubes for 

the area of the surface seismic survey. The logs can also be used to generate a discrete facies log. 

The facies log can be combined with the lithology cube from the surface seismic data to provide 

more detail on the local depositional system. The updated static model will be used for a new 

update to the computational modeling as discussed in Section 4.5. 

The conclusions of the geologic, petrophysical, and statistical analyses include: 

• The Eau Claire Formation is a thick low permeability confining zone. 

• The Mt Simon Sandstone’s thickness and petrophysical properties make it a reliable 

injection zone.  

• The Eau Claire Silt is a potential secondary sequestration zone. 
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In order to upscale well logs, an average algorithm is applied to the high-resolution well logs to 

produce one log value for each model cell that is penetrated by the well. Cell height plays a 

significant role in how porosity and permeability logs are upscaled and balances the capture of 

vertical heterogeneity while maintaining a manageable cell-count. Porosity values were upscaled 

into the grid using the arithmetic method (Figure 5).  

The proportional vertical layering captured the variability observed in the porosity and 

permeability core data. The intent of this was to honor thin intervals in the injection zone that 

may represent significant permeability streaks, and thus play a significant role in dynamic 

reservoir behavior. The permeability upscaled cell was calculated from the equations in Figure 6. 

Figure 5 displays how the vertical variation of the wells with core was captured in the vertical 

property interpretation where there are data gaps. 

 

Figure 5: Confidential Business Information: Well log upscaling. 

 
Figure 6: Confidential Business Information: Effective porosity and permeability cross plots with core plugs (grey). 

1.4.2 Facies and Petrophysical Modeling 

The upscaled core porosity from the nine wells provided high vertical resolution at each well for 

the static model; however, little was known about the porosity values between the wells. 

Therefore, variogram analysis was used to interpolate the data from the wells into the interwell 

space such that porosity represented the geological setting.  

Facies were interpolated using the tNavigator Amazonas (Degterev, 2020) process that proved to 

be a reliable way to interpolate these facies data at these distances (Figure 7). The facies of the 

Eau Claire Formation consisted of primary shale with a thin layer of silty sandstone at the base 

which was modeled here to represent the Eau Claire Silt (potential secondary sequestration). The 

facies of the Mt Simon Sandstone were interpolated with two sandstone facies (Sandstone_1 and 

Sandstone_2). In the Precambrian, one facies was used. Figure 7shows the facies thickness maps 

within the Mt Simon Sandstone and the Eau Claire Formation.  
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Figure 7: Facies thickness maps within the Mt. Simon Sandstone and Eau Claire Formation. 
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For each facies type, effective porosity was interpolated using Gaussian Random Function 

Simulation (GRFS) (Figure 8). Since the well data was sparse, a reliable horizontal variogram 

range and direction could not be extracted from variogram maps. To manage this issue, a 

horizontal variogram range of two miles was used in the horizontal direction.  A vertical 

variogram range of approximately 10 feet was able to be extracted for each facies type. Figure 9 

shows the relationship between the facies and effective porosity in the 3D model. 

 
Figure 8: Cross Section A-A’ formations and static model effective porosity. 

 

The equations derived from Figure 6 were used to determine the effective porosity and 

permeability based on facies type (Figure 8 and Figure 10). The flow capacity of the injection 

zone can be characterized by the permeability-height product (kh) (Figure 11). The kh of the 

AoR compares favorably to the kh calculated from the fall-off test (FOT) reported in the INEOS 

(BP Lima) Nitrile disposal wells (INEOS USA LLC, 2015).  
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Figure 9: 3D view of static model showing a) facies, b) effective porosity. 
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Figure 10: Cross Section A-A’ formations and static model permeability. 
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Figure 11: Permeability*thickness (kh) Map of the Mt Simon Sandstone. 

 

1.4.3 Geostatistical Summary 

Geological property modelling is a complex process with many variables to optimize for each 

zone including variograms, co-kriging variables, data transformations, etc. A quality model 

should be statistically representative of the available well data and be geologically realistic. 

Statistical analyses were used throughout the static modeling in order to quickly identify 

potential errors and correct them.  

Histogram displays from the model were generated for the AoR as part of the model quality 

control. Figure 12 shows the effective porosity and permeability histograms for the Eau Claire 

Shale, Eau Claire Silt, and Mt. Simon Sandstone for the AoR. Figure 13 displays the histograms 

of well log data, upscaled data (blocked wells) and the final property model to demonstrate how 

the facies properties were honored in the transition from the original well log data to the static 

model. Table 6 is a high-level summary of the geological characteristics of the static model.   
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Figure 12: Effective porosity and permeability histograms for the 2.26-mile radius AoR around CCS1. 
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Figure 13: Effective porosity and permeability histograms of the well logs, upscaled logs (blocked wells)  

and the final interpolated property. 
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Table 6: Summary of static model within the AoR. 

Formation Facies 
Average 

Porosity 

Average 

Permeability 
KH 

Thickness 

(ft) 

Elevation 

(fbsl) 

Depth 

Below 

Ground 

TVD (ft) 

Eau Claire 

Shale 

(confining 

zone) 

Shale 2% 0.0005 md <100 493-553 1,490-1,530 2,578-2,622 

Eau Claire Silt 

(secondary 

sequestration) 

Silty 

Sandstone  

14% 22.6 md 840 ~60 1,927-2,021 3,026-3,731 

Mt Simon 

Sandstone 

(injection 

zone) 

Sandstone_1 

Sandstone_2 

10.9% 31 md 11,000-

18,200 

456-562 1,987-2,081 3,086-3,791 

Precambrian Precambrian uncertain uncertain - basement 2,492-2,609 3,592-3,715 

 

At present, the static model is a reliable representation of the subsurface given the current input 

data; however, uncertainty will exist until site specific data is acquired through the Pre-

Operational Testing Program (Attachment 5: Pre-Op Testing Program, 2022). Site specific well 

log, core, well testing data, and 3D surface seismic data are collected during the pre-operational 

phase of the project. Once new data has been acquired and evaluated, the static model will be 

updated, and the accuracy will improve.  

Wireline well logs from CCS1 and the deep observation well (OBS1) will be used to calibrate 

3D surface seismic data and produce inversion products such as porosity and lithology cubes for 

the area of the surface seismic survey. The logs can also be used to generate a discrete facies log. 

The facies log can be combined with the lithology cube from the surface seismic data to provide 

more detail on the local depositional system. The updated static model will be used for a new 

update to the computational modeling as discussed in Section 4.5. 

The conclusions of the geologic, petrophysical, and statistical analyses include: 

• The Eau Claire Formation is a thick low permeability confining zone. 

• The Mt Simon Sandstone’s thickness and petrophysical properties make it a reliable 

injection zone.  

• The Eau Claire Silt is a potential secondary sequestration zone. 
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From CMG’s GEM Users Manual: 

Introduction to GEM 
Introduction 

In enhanced recovery schemes involving gas or solvent injection, the process may be 
immiscible or miscible depending on the composition of the injected fluid and the reservoir 
oil, and on the reservoir pressure and temperature. Examples of such processes are 
enriched gas drive, high pressure gas drive, CO2 flooding, and the cycling of a gas 
condensate reservoir. The simulation of these processes requires special handling of both 
the thermodynamic and the fluid flow aspects of the reservoir. 

GEM is an efficient, multidimensional, equation-of- state (EOS) compositional simulator 
which can simulate all the important mechanisms of a miscible gas injection process, i.e. 
vaporization and swelling of oil, condensation of gas, viscosity and interfacial tension 
reduction, and the formation of a miscible solvent bank through multiple contacts. 

Some of the additional features of GEM are listed in the following. 

Adaptive Implicit Formulation 

GEM can be run in explicit, fully implicit and adaptive implicit modes. In many cases, only a 
small number of grid blocks need to be solved fully implicitly; most blocks can be solved 
explicitly. The adaptive implicit option selects a block's implicitness dynamically during the 
computation and is useful for coning problems where high flow rates occur near the 
wellbore, or in stratified reservoirs with very thin layers. Several options are provided for 
selecting implicit treatment. 

Properties 

GEM utilizes either the Peng-Robinson or the Soave- Redlich-Kwong equation of state to 
predict the phase equilibrium compositions and densities of the oil and gas phases, and 
supports various schemes for computing related properties such as oil and gas viscosities. 

The quasi-Newton successive substitution method, QNSS, as developed at CMG, is used 
to solve the nonlinear equations associated with the flash calculations. A robust stability 
test based on a Gibbs energy analysis is used to detect single phase situations. GEM can 
align the flash equations with the reservoir flow equations to obtain an efficient solution of 
the equations at each timestep. 

CMG's WinProp equation of state software can be used to prepare EOS data for GEM. 

Complex Reservoirs 

GEM uses CMG's Grid Module for interpreting the Reservoir definition keywords used to 
describe a complex reservoir. Grids can be of Variable Thickness - Variable Depth type, or 
be of corner-point type, either with or without user-controlled Faulting. Other types of grids, 
such as Cartesian and Cylindrical, are supported as well as locally Refined Grids of both 
Cartesian and Hybrid type. Note that Hybrid refined grids are of a locally cylindrical or 
elliptical nature that may prove useful for near-well computations. 



Regional definitions for rock-fluid types, initialization parameters, EOS parameter types, 
sector reporting, aquifers, ... are available. Initial reservoir conditions can be established 
with given gas-oil and oil-water contact depths. Given proper data (such as from WinProp), 
fluid composition can be initialized such that it varies with depth. A linear reservoir 
temperature gradient may also be specified. 

Aquifers are modelled by either adding boundary cells which contain only water or by the 
use of the analytical aquifer model proposed by Carter and Tracy. 

Dual porosity modelling can be done with GEM. Each cell is assigned separate matrix and 
fracture pore spaces. Shape factors describing flow between porosities are implemented 
based on the work of Gilman and Kazemi. Additional transfer enhancements are available 
to account for fluid placement in the fractures. The GEM user can also specify a dual 
permeability model which allows fluid flow between adjacent matrix blocks. This option is 
useful when matrix-matrix mass transfer processes are important, such as in situations 
dominated by gas-oil gravity drainage processes. 

Geomechanical Model 

Several production practices depend critically on the fact that the producing formation 
responds dynamically to changes in applied stresses. These include plastic deformation, 
shear dilatancy, and compaction drive in cyclic injection/production strategies, injection 
induced fracturing, as well as near-well formation failure and sand co-production. A 
geomechanical model consisting of three submodules is available for treating aspects of 
the above problems. The coupling between the geomechanical model and the simulator is 
done in a modular and explicit fashion. This increases the flexibility and portability of the 
model, and decreases computational costs. 

Wells 

Bottomhole pressure and the block variables for the blocks where wells are completed are 
solved fully implicitly. If a well is completed in more than one layer, its bottomhole pressure 
is solved in a fully coupled manner; i.e., all completions are accounted for. This eliminates 
convergence problems for wells with multiple completions in highly stratified reservoirs. 

A comprehensive well control facility is available. An extensive list of constraints 
(maximum/minimum bottomhole or wellhead pressures, rates, WCUTs, GORs, ...) can be 
entered. As constraints are violated, new constraints can be selected according to the 
user's specifications. Various actions and apportionments are available. 

Up to three hydrocarbon streams can be controlled on the surface: Oil, Intermediate Liquid 
and Gas. Various types of surface separation facilities can be used to generate these 
streams, including the modelling of EOS and plant separator stages, where the latter are 
described using key-component tables. 

The gas cycling option in GEM allows for the preferential stripping of components and the 
addition of a make-up gas stream to the recycling gas stream. 

Matrix Solution Method 

GEM uses AIMSOL, which is a state-of-the-art linear solution routine based on incomplete 
Gaussian Elimination as a preconditioning step to a GMRES iteration. AIMSOL has been 
developed especially for adaptive implicit Jacobian matrices. 



For almost all applications, the default control values selected by GEM will enable AIMSOL 
to perform efficiently. Thus, GEM users do not require detailed knowledge of the matrix 
solution methods. 

GEM uses run-time dimensioning as well to make the most efficient use of computer 
resources. 

Simulation Results Files 

Various types of Simulation Results Files can be written while GEM is running, including 
files for CMG's Results. Results is CMG's visualization software that can be used to 
examine 2-D and 3-D reservoir displays, as well as XY plots of important dynamic data. 

Portability 

GEM has been run on many computers from many manufacturers, such as IBM, SGI, and 
SUN, as well as PCs. Currently supported chips and operating systems are given in the 
Installation Guide. 

Introduction 
 



Model snapshot data showing the CO2 and pressure plumes after 30 years of injection. 

 

 

 

   



 



Time series data showing the mineralization process over 100 years post injection, and the percentage 

of CO2 Super‐Critical, CO2 dissolved, and CO2 Trapped over 50 years post injection.   
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Financial Assurance 

40 CFR 146.85 

Hoosier #1 Project 

Facility Information 

Project Name:  Hoosier #1 

 

Facility Name:  Cardinal Ethanol  

 

Facility Contact: Jeremey Herlyn, Project Manager  

Cardinal Ethanol 

 

Well Location:  1554 N. 600 E. 

Union City, IN 47390 

CO2 Injection Well Location for CCS1 

Latitude  40.186587° 

Longitude -84.864284° 

 

Operator Name: One Carbon Partnership, LP 

   1554 N. 600 E. 

Union City, IN 47390 
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1 Introduction 

The financial assurance for Class VI projects consists of these four components: 

1. Corrective Action, 

2. Injection Well Plugging and Abandonment (P&A), 

3. Post Injection Site Care (PISC) and Site Closure, 

4. Emergency and Remedial Response Plan (ERRP). 

One Carbon Partnership, LP (OCP) contracted with Industrial Economics to assist with the ERRP 

component of the financial assurance package. All other components of the financial assurance 

assessment were performed by OCP.  

This portion of the application discusses the methodology of determining the costs for each of the 

components, the financial responsibility instrument to be used, and the frequency with which the 

financial assurance will be reassessed.  

  



Plan revision number: 1.0 

Plan revision date: July 4, 2022 
  

Attachment 3: Financial Assurance Plan for Hoosier #1 Project 

Permit Number: PERMIT NUMBER  Page 5 of 26 

 

2 Corrective Action Cost 

The Corrective Action financial package consists of two components:  

1. The cost to remediate any wells within the Area of Review (AoR) that penetrate  

the confining zone, 

2. The cost to reassess the AoR.  

There are no wells within the AoR that currently require corrective action. No wells within the AoR 

penetrate the confining zone (Attachment 2: AoR and Corrective Action, 2022). As such, there is no 

cost associated with remedial action for wells that penetrate the confining zone within the AoR. Any 

corrective action to wells associated with the project which penetrate the confining zone, are covered 

in the ERRP section of this document (Attachment 10: ERRP, 2022).  

As discussed in the AoR Section, the AoR will be reevaluated every five (5) years. Based on the 

maximum anticipated project life of 30-years, the AoR will be reevaluated a minimum of six (6) 

times. Using an estimated cost of $33,000 (2022 dollars) to reevaluate the AoR, the total cost for 

reevaluation over the project lifetime, accounting for an average inflation 5%, will be $505,409 (2022 

dollars). The calculations used to determine this value are provided in Table 1 below.  

 

Table 1. Corrective Action Financial Assurance Cost Breakdown per Year 

Year Cost (USD, 2022) 

2027 $42,117 

2032 $53,754 

2037 $68,605 

2042 $87,559 

2047 $111,759 

2052 $142,624 

Total $506,418 

 

These values were provided from a quote assembled by Subsurface Dynamics, based in Calgary, 

Alberta, Canada.  
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3 Injection Well Plugging Cost 

The Injection Well Plugging Plan discusses the plugging plan in detail (Attachment 8: Well Plugging, 

2022). To summarize the P&A program: 

• Mechanical integrity logging will be performed prior to field mobilization or other plugging 

activities.  

• CO2 resistant materials and cement will be used to plug the well. 

• The well will be plugged using cement retainers in the section of the well in which CO2 

resistant materials will be used, and balanced plugs will be used in the rest of the well. 

The estimated P&A cost for the injection well, CCS1, is $250,000 (Attachment 8: Well Plugging, 

2022). Further details, schematics, and technical standards for the well plugging can be found in the 

Injection Well Plugging Plan.  

A detailed Authorization for Expenditure (AFE) assembled from external quotes are provided as 

supplemental documentation along with the external quote.   
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4 PISC and Site Closure Cost 

The PISC and Site Closure Plan is discussed in Section 9 of this application (Attachment 9: Post-

Injection Site Care, 2022). This section covers all activities that will occur following the conclusion 

of the injection activities. It is noted that OCP plans to pursue an alternative post closure time frame 

of 10 years. Justification for this alternative time frame is provided the PISC and Site Closure Plan. It 

is noted that based on current modeling, the CO2 plume will stabilize two years after injection 

operations cease.  

The PISC and Site Closure Plan covers the following activities:  

(Note:  This is not an exhaustive list.) 

• Post injection monitoring 

o Logging 

o Pressure monitoring 

o Three-dimensional (3D) Seismic Surveys  

• Monitoring well P&A 

o Deep Observation Well (OBS1) 

o ACZ1 

• Assurance of continued non-endangerment of Underground Sources of Drinking Water 

(USDW) 

o Fluid sampling 

Based on average annual cost projections of $238,000 per year for the post injection monitoring 

period of ten years (it should be noted that after the plume is shown to be shrinking, monitoring 

activities will be performed less frequently, as discussed in the PISC section), the total cost for the 

post-injection monitoring is anticipated to be $2,380,000, which includes seismic survey costs. 

Seismic surveys will be acquired twice during the ten-year PISC period. This cost was determined 

using external quotes. The external quotes for this work are provided.  

Based on cost projections and the AFE’s assembled for the project, the cost to plug the monitoring 

wells associated with the project are as follows: 

• OBS1 - $175,000 

• ACZ1 -   $90,000 

Total cost $265,000.  

Prior to and throughout the injection phase of the project groundwater samples will be routinely taken 

to assess the water quality and to determine if any variation from the baseline data set has occurred 

(Attachment 7: Testing And Monitoring, 2022). Water quality will continue to be assessed throughout 

the PISC portion of the project. Water will be sampled and analyzed twice per year for the first five 

years of the closure period, and once per year for the remainder of the closure period. This results in a 

total of 15 tests per well for the entirety of the ten-year closure period.   

Currently twelve shallow groundwater wells are planned, along with one (1) deep groundwater well, 

one (1) above confining zone well, one (1) deep observation well, and the injection well. This is a 

total of 16 wells. Assuming 15 tests are performed on each well, a total of 240 tests will be 

performed. Based on Industrial Economic’s assumption a single test costs $200, a total of $48,000 is 

planned for the fluid sampling portion of the PISC and site closure section of the financial assurance.  
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This includes the cost to access the wells and take samples, as well as the transportation, holding, and 

testing of the samples. Specifications on the methodology, storage, and transportation of the 

groundwater samples.  

Table 2 displays the individual components of the PISC and site closure cost estimates, as well as the 

total projected cost for the PISC and site closure component of the financial assurance.  

Table 2. PISC Financial Assurance Cost Breakdown 

Component of Financial Assurance Amount of Funding 

Post Injection Monitoring $2,380,000 

Monitoring Well P&A $265,000 

Groundwater Sampling $48,000 

Total $2,693,000 
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5 Emergency and Remedial Response Costs 

This section summarizes estimates of emergency and remedial response (ERR) costs for the OCP 

Hoosier #1 Project (hereinafter, “Hoosier #1”). These estimates are consistent with the United States 

Environmental Protection Agency’s (EPA’s) Underground Injection Control (UIC) Program’s Class 

VI regulatory requirements and are intended to inform the face value of financial assurances 

necessary to satisfy ERR actions. 

Estimating possible emergency and remedial cost estimates for Carbon Capture and Sequestration 

(CCS) necessitates an understanding of the interaction of the CO2 stream and the subsurface 

environment in which it will be stored.  The long-term nature of such projects, the low (but not zero) 

probability of a release event occurring that may require ERR, variability in potential incident 

conditions at the site, and the size of the potentially impacted population including likely exposure 

pathways inform the following ERR cost estimates. 

As described in more detail below, we combine readily available information with the results of 

Monte Carlo analysis tailored to project-specific risks and uncertainties to generate reasonable upper 

bound estimates of ERR costs.  In our view, the following cost estimates provide a reasonable, 

conservative, and objective basis for determining the face value of financial assurance instruments 

necessary to support a Class VI permit.  

Importantly, the cost estimation method applied to Hoosier #1 is based on the peer-reviewed 

approach pioneered by Industrial Economics, Incorporated (IEc); this approach has been used to 

inform estimation of ERR costs in a previously approved Class IV permit.1 IEc tailored the valuation 

parameters of its CCSvt Model to reflect site-specific factors associated with Hoosier #1.  

Specifically, the Model’s input parameters reflect the geologic location and specific chemical 

composition of Hoosier #1’s CO2 stream, as well as the site-specific conditions that exist within the 

established AoR.  The analysis adopts several conservative input assumptions and incorporates 

probabilistic calculations that allow for multiple release incidents through operation, closure, and 

post-injection site care.  Cost estimates are based upon generally accepted response actions 

commonly used to respond to contamination incidents that could impair the public’s ability to safely 

access USDWs.  

Based on a model run of 50,000 Monte Carlo trials, an upper-bound cost estimate of $2.7 million in 

current 2022 dollars is arrived at to satisfy ERR.  This estimate specifically accounts for an array of 

possible risk events of potential concern at CCS sites, including undocumented deep well leaks, a 

CO2 injection well leak, rapid leakage through the caprock, slow leakage through the caprock, release 

through an existing fault, release through an induced fault, and leakage through the caprock (or fault) 

followed by leakage through a shallow well. The upper-bound cost estimate reflects the single Monte 

Carlo trial with the greatest emergency and remedial costs out of the 50,000 trials run.  

In the sections that follow the basis for the cost estimates is discussed in greater detail. 

 
1 This approach informed the Class VI permit application for Red Trail Energy, LLC, also an Ethanol producer, in North 

Dakota.  See Trabucchi, C., Donlan, M., Huguenin, M, Konopka, M., Bolthrunis, S., 2012, Valuation of potential risks 

arising from a model, commercial-scale CCS project site: Prepared for CCS Valuation Sponsor Group, June 1, 2012. See 

also, Trabucchi, C., Donlan, M. and Wade, S., 2010 ‘A multi-disciplinary framework to monetize financial consequences 

arising from CCS projects and motivate effective financial responsibility’, International Journal of Greenhouse Gas 

Control 4 (2010) 388-395 and Trabucchi, C., Donlan, M., Sprit, V., Friedman, S. and Esposito, R., 2014, ‘Application of a 

Risk-Based Probabilistic Model (CCSvt Model) to Value Potential Risks Arising from Carbon Capture and Storage’, 

Energy Prcedia 63 (2014) 7608-7618.  
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5.1 USDW Non-Endangerment 

The Safe Drinking Water Act (SDWA) was established to protect the quality of drinking water in the 

United States. The law focuses on all waters designed for drinking use, whether from above ground 

or underground sources (42 U.S.C. §§300f-300j-26).  The concept of ‘endangerment’ (as it relates to 

the UIC Program) is defined further in the federal code of regulations, which states: “No owner or 

operator shall construct, operate, maintain, convert, plug, abandon, or conduct any other injection 

activity in a manner that allows the movement of fluid containing any contaminant into underground 

sources of drinking water, if the presence of that contaminant may cause a violation of any primary 

drinking water regulation under 40 CFR part 142 or may otherwise adversely affect the health of 

persons” (40 CFR 144.12). 

National Primary Drinking Water Regulations (NPDWRs) establish mandatory water quality 

standards for drinking water contaminants. These standards are referred to as “maximum contaminant 

levels” (MCLs), which are intended to protect the public against consumption of drinking water 

contaminants that present a risk to human health. An MCL is the maximum allowable amount of a 

contaminant in drinking water delivered to the consumer. 

National Secondary Drinking Water Regulations (NSDWRs) set non-mandatory water quality 

standards for 15 contaminants. These standards are offered as guidelines to assist public water 

systems in managing their drinking water for aesthetic considerations, such as taste, color, and odor. 

These contaminants are not considered to present a risk to human health at the secondary maximum 

contaminant level (SMCL) (United States Environmental Protection Agency, 2022).  

Consistent with these mandates, potential consequences arising from CO2 release incidents resulting 

from the Hoosier #1 Project were be evaluated, which could result in an exceedance of one or more 

MCLs in a USDW.  This is done, because, however unlikely, it is possible that such incidents could 

result in the need for an ERR action.  Evaluation of potential consequences begins with the 

composition of the CO2 stream and the potential pathways for harm to USDWs. 

• Composition of the CO2 stream.  The Hoosier #1 CO2 stream will originate from the Cardinal 

Ethanol manufacturing facility.  The most recent feed gas test report (see Figure 3) indicates 

that the composition of the CO2 stream will be close to pure CO2 (99.8% by volume). The 

Indiana Department of Environmental Management identifies 76 contaminants for which 

MCLs have been established in Indiana (Indiana Department of Environmental Management, 

2022).  None of the identified compounds are detectable in the Hoosier #1’s CO2 stream. 

Potential Pathways for Harm to USDWs. The composition of the close-to-pure CO2 stream suggests 

that a release, should it occur, will not directly introduce contaminants into a USDW that results in an 

exceedance of an MCL. Nonetheless, indirect harm is possible. Conceptually, a CO2 release into a 

USDW could reduce pH sufficiently to increase the leaching of heavy metals from aquifer minerals at 

concentrations that exceed an MCL.  For completeness, it is noted that there are secondary drinking 

water standards with potential relevance, for example pH (between 6.5 and 8.5) and total dissolved 

solids (500 mg/l), but the types and scale of ERR actions incorporated in this analysis to address 

potential exceedances of metals MCLs would, at the same time, address the aesthetic impacts 

associated with potential exceedance of SMCLs   
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5.2 Monte Carlo Approach to Cost Estimation 

The cost of ERR is estimated by tailoring the valuation parameters underpinning the CCSvt model to 

reflect site-specific factors associated with Hoosier #1.  The CCSvt model published in the peer-

reviewed technical literature leverages Monte Carlo (i.e., risk-based, probabilistic) modeling and site-

specific scenario analysis (Trabucchi et al., 2014).  In our view, Monte Carlo analysis is particularly 

well suited to the evaluation of potential costs arising from low probability events over long periods 

of time. As described in Trabucchi et. al (2014), key parameters which inform the CCSvt model 

inputs include identification of release event types and probabilities, the duration of injection and 

PISC activities, and cost distributions for anticipated response actions if a release occurs.  

5.3 Area of Review 

The information and analyses underpinning ERR cost estimation reflect an Area of Review that 

extends 2.5 miles in all directions from the anticipated injection location. Please note that this 2.5-

mile AoR used differs from the 2.26-mile AoR utilized for the rest of the permit application; the use 

of a 2.5-mile AoR results in a more conservative ERR cost estimation. 

5.4 Risk Event Types and Probabilities 

Table 3 identifies the risk event types and probabilities used to estimate ERR costs for Hoosier #1. 

Annual release probabilities are based on the Final Risk Assessment Report for the FutureGen Project 

Environmental Impact Statement, revised April 2007 (FutureGen, 2007, pp. 6-15).  These data reflect 

extensive, federally funded analysis, are publicly available, and informed development of an Analog 

Site Database regarding the release of CO2 from existing injection sites and natural releases.2 The 

Analog Site Database includes information from four existing CCS sites, 16 natural CO2 sites in 

sedimentary rock formations, and 17 sites in volcanic, hydrothermal, and metamorphic (VHM) areas. 

These sites have been identified in several natural analog investigations for CCS. 

In addition to leakage from reservoirs via natural pathways, the FutureGen efforts considered leakage 

information from a myriad of CCS risk assessments and developed a well failure-release event 

database, which reflects applied experience from the natural gas storage industry, the oil and gas 

(O&G) industry, and wells at natural CO2 reservoirs.  

Estimates of potential consequences at Hoosier #1 are informed by the annual probability point 

estimates resulting from the FutureGen efforts.  In some cases, FutureGen provides a range of 

probabilities – in such circumstances, we conservatively use the highest probability in the range. 

Table 3 reflects the release probabilities for seven types of risk events. For well-related events, the 

identified probabilities reflect the risk of release for a single well.  

To accommodate site-specific evaluation of Hoosier #1, IEc adapted its CCSvt model to account for 

the specific number of wells and well types in the AoR, based on site-specific information from the 

Indiana Oil & Gas Online Well Records Database.  Importantly, we also refine the underlying CCSvt 

modeling parameters to include an “undocumented deep well leak” risk event category.  

  

 
2 Ibid, pg 5-1. 
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Table 3. Risk Event Types and Probabilities 

Risk Event Type Annual Probability Number of Wells 

Undocumented Deep Well Leak 0.1% per wella 2 

CO2 Injection Well Leak 0.001% per wellb 1 

Rapid Leakage Through Caprock 0.00000002%c n/a 

Slow Leakage Through Caprock 0.004%d n/a 

Release Through Existing Faults 0.000002%e n/a 

Release Through Induced Faults 0.000002%f n/a 

Leakage Through Caprock/Faults then Shallow Well 0.008%g 10 

Source for risk events and annual probabilities: Final Risk Assessment Report for the FutureGen Project Environmental 

Impact Statement, revised April 2007, available online at: https://www.energy.gov/sites/prod/files/EIS-0394-DEIS-

RiskAssessmentReport-2007.pdf, p. 6-15, Table 6-11. 

Additional Notes: 

a) Highest probability within FutureGen range for undocumented deep wells developed from the FutureGen analog 

database. 

b) Highest probability within FutureGen range for CO2 injection wells developed from the FutureGen analog database. 

c) Equal to FutureGen probability for rapid leakage through caprock developed from the FutureGen analog database. 

d) Equal to FutureGen probability for slow leakage through caprock developed from the FutureGen analog database. 

e) Equal to FutureGen probability for release through existing faults developed from the FutureGen analog database. 

f) Equal to FutureGen probability for release through induced faults developed from the FutureGen analog database. 

g) Conservatively assumed to be twice as likely as the highest caprock/fault probability. 

 

To be clear, the Indiana Oil & Gas Online Well Records Database indicates that there are no wells in 

the AoR deep enough to penetrate the confining zone. Ten shallow O&G wells are identified in the 

database, but at depths hundreds of feet short of the confining zone. Water wells in the AoR are all at 

depths less than approximately 300 feet (Attachment 2: AoR and Corrective Action, 2022).  

Notwithstanding our extensive records review, the possibility cannot be ruled out that records may be 

incomplete, and construction or natural landscape features may obscure old well locations.  To 

account for this, albeit unlikely, possibility our cost estimation conservatively presumes the existence 

of two undocumented deep wells (i.e., deep enough to penetrate the confining zone of the injection 

zone). We assume two such wells based on the following factors: 

• Publicly available records of O&G wells in Indiana span several decades. Notably, these 

records indicate that the oldest of the ten identified wells in the AoR was constructed in 1903.  

• The presence of ten active or abandoned O&G wells in the AoR demonstrates that O&G 

exploration and/or production has occurred, but at relatively minor levels. The AoR is not in a 

location characterized by extensive O&G activity, based on well records. 

• The Indiana Department of Natural Resources Division of O&G indicates that, historically, 

central and eastern Indiana O&G development has focused on the Trenton formation.  This 

formation is an Ordovician age limestone with an average thickness of 100 feet, found at an 

average depth of 900 feet in 21 counties in Indiana. Storage at the Hoosier #1 CCS site will 

occur at a depth of over 3,000 feet – at a depth substantially deeper than that historically 

applied by O&G exploration and production companies.  

Notwithstanding, we include two undocumented deep wells in our evaluation of Hoosier #1 – 

equivalent to 20 percent of the number of known active and/or abandoned shallow O&G wells, 

https://www.energy.gov/sites/prod/files/EIS-0394-DEIS-RiskAssessmentReport-2007.pdf
https://www.energy.gov/sites/prod/files/EIS-0394-DEIS-RiskAssessmentReport-2007.pdf
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because no deep injection wells have been found within the AoR.  We believe this approach is 

reasonable and conservative. 

The FutureGen efforts do not provide release probability estimates for shallow industrial wells that do 

not penetrate confining zone.  For purposes of estimating ERR costs for Hoosier #1, we assume that 

shallow industrial wells that do not penetrate the confining zone have a release probability equal to 

twice the highest probability for confining zone or fault release events.  This assumption reflects the 

fact that CO2 would need to escape through the confining zone or fault before reaching the shallow 

industrial well, at which point the well may yield a more direct pathway to a USDW.  We believe this 

approach is reasonable and conservative. 

5.5 Duration Of Injection and PISC Activities 

OCP cost estimation protocol reflects a 30-year CO2 injection period and a 30-year PISC period. 

Consistent with these assumptions, the Monte Carlo calculations incorporate a 60-year (30 years 

injection, 30 years PISC) project duration.  This approach is reasonable and conservative, and as 

addressed in other parts of the permit application, a 10-year PISC is anticipated to be sufficient to 

demonstrate stabilization of sequestered CO2. 

5.6 Cost Distributions if a Release Occurs 

Although previous peer-reviewed, published applications of the CCSvt model relied on 10,000 Monte 

Carlo trials, for this analysis we ran 50,000 Monte Carlo trials to provide additional certainty.  If a 

release event occurs during a Monte Carlo trial, the model randomly chooses a cost amount for the 

indicated response activity from the cost distributions described below. 

5.6.1 Well Repair Cost Distribution 

• Minimum: $5,000 

• 10th percentile: $8,100 

• Median: $56,000 

• 90th percentile: $170,000 

• Maximum: $500,000 

This cost distribution is applied to release events associated with well repair – to stop leaks and 

prevent reoccurrence. As indicated in Table 3, the most likely well-related release event (by at least 

two orders of magnitude) is the ‘undocumented deep well’ category. Any release of CO2 through 

such wells likely would involve plugging and surface reclamation. Information and analysis provided 

in Raimi et al (Raimi, 2021) is relied upon as a proxy for such costs This peer-reviewed, publicly 

available analysis provides cost estimates for plugging and surface reclamation of O&G wells, based 

on data from up to 19,500 wells.   

The 10th percentile, median, and 90th percentile costs are from Raimi et al (2021).  A minimum cost 

of $5,000 is applied, notwithstanding the fact that costs below this amount were observed in the data 

set. The maximum value of $500,000 reflects the highest cost for wells with depths up to 

approximately 3,000 feet – the top of the injection zone for Hoosier #1 is expected to be at a depth of 

approximately 3,100 feet, and as previously noted all known wells in the AoR are at shallower 

depths.  Accordingly, these assumptions are reasonable and conservative. 
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5.6.2 USDW Contamination Incident Cost Distribution 

• Minimum: $50,000, 

• Maximum: $1,040,000, 

• Uniform distribution. 

This cost distribution is applied to all release events (and the resulting costs are added to well repair 

costs for well-related events). This distribution reflects several different response components, 

including characteristics of USDW use in the AoR for Hoosier #1, as well as the professional 

judgement of experts versed in federal and state response action to groundwater contamination 

incidents. The underlying basis for this cost distribution is described following. 

Figure 1 is a Google Earth image that provides visual representation of the land use above the CCS 

injection zone. The approximate location of Hoosier #1’s proposed injection well is identified by the 

blue star. As can be seen from this image, land use in the area of concern is generally rural with 

agricultural activity and few scattered residences.  

Union City is approximately one mile to the east of the anticipated injection location; currently, 

Union City has an estimated population of approximately 3,454 (Stats Indiana, 2020). The population 

appears to have declined modestly relative to 1990, when its population was approximately 3,612. 

Figure 2 illustrates the location of water wells and O&G wells within, and just outside, a 2.5-mile 

radius of the approximate location of the proposed Hoosier #1 Class VI injection well. As previously 

indicated, there are 10 abandoned or active O&G wells within the 2.5 miles of the proposed injection 

well. In addition, there are approximately 200 water wells located within proximity of the AoR, all of 

which are at depths of approximately 500 feet or less.  

The Union City Water Works provides public water to 3,513 people. The source of Union City’s 

drinking water is groundwater produced from seven production wells in two well fields located in 

proximity to Union City, but outside of the AoR. The South Water Plant Well Field is the primary 

source of drinking water (The City of Union City, Indiana, 2022). 

Examination of Indiana Department of Natural Resources water well database records reveals water 

quality data for one (private) well within a 2.5-mile radius from the planned injection well, and for 

several wells within ten miles of Hoosier #1’s planned injection location.  Specifically, Union City’s 

2020 water quality report reveal maximum metals levels to be less than one-third of relevant MCLs.  

In general, data from the Indiana water well database indicates that metals levels at water quality 

wells within ten miles of the planned injection well (maintained by either Indiana or United States 

Geological Survey) were an order of magnitude or more below relevant MCL. 
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Figure 1. Land Use Above Hoosier #1 Project 
 

 

Figure 2. Water and O&G wells in the proximity to the Hoosier #1 Project 
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Consistent with these site-specific parameters, a maximum per-incident cost range has been tailored 

to Hoosier #1 and estimated as follows: 

• A maximum of $30,0003 to drill new water monitoring wells, to facilitate data collection to 

evaluate the spatial extent, existence, and/or significance of a potential release-related plume,4 

plus 

• A maximum of $80,0005 for quarterly sampling and analysis for standard field measurements 

and heavy metals at an estimated $200 per sample,6 including collection and analysis, for up 

to two years and (conservatively) 50 residences,7 plus  

• A maximum of $20,0008 for residential replacement water for one year for up to 50 

residences,9 plus  

• A maximum of $125,00010 for purchase and installation of residential reverse osmosis (RO) 

units at up to 50 residences,11 plus 

 
3 $30,000 = 4 wells * 300 foot depth * $25 drilling cost per foot. 
4 At an estimated drilling cost of $25 per foot (see https://homeguide.com/costs/well-drilling-cost#cost, which estimates a 

cost of $15-$25 per foot for drilling a water well), this cost allowance would allow, for example, drilling of four new 

wells at a 300-foot depth. 
5 $80,000 = 50 residences * 8 quarterly samples * $200 per sample. 
6 See for example information from laboratory vendor Chemtech international at https://chemtech-us.com/articles/cost-of-

well-water-testing-in-2021/#:~:text=It%20costs%20%24165%20at%20the,%24279%20at%20the%20full%20price, 

which states “the Essential Water Test is a standard test that screens the general water chemistry, the hardness and 

alkalinity of the water, toxic and heavy metals, nitrates and nitrites, coliform and E. coli bacteria, and silica. It costs $165 

at the full price.” This is rounded up to $200 to account for potential sample collection costs. 
7 If there is a release incident, a common response measure would be to periodically test water wells within the potential 

impact area to determine if any residences are at risk of exposure to contaminants at levels above an MCL. At this 

location, well-related incidents are by far the most likely types of events to potentially impact a USDW. It is reasonable to 

anticipate that faulty wells could be repaired, plugged, or otherwise addressed within a two-year time frame. As a result, 

testing of residential wells should be unnecessary after two years. 
8 $20,000 = 50 residences * $35 per month for 25 gallons * 12 months. (Rounded to $20,000) 
9 If residential water well testing identifies contaminant levels of concern, replacement water for drinking and cooking 

would be provided for affected residents. Commercial companies offer water delivery service at approximately $35 per 

month for 20 gallons, a typical consumption level for a family of 3 to 4 (see for example pricing and family water quantity 

recommendations from water vendor Culligan at https://www.culligan.com/bottled-delivery/select). Replacement water 

typically is a temporary measure; in this case, if contamination issues persist for longer than one year, it is anticipated that 

the replacement water program would end and be replaced by installation of residential RO units to provide clean water, 

which is a more expensive but more appropriate solution for longer term contamination issues.  
10 $125,000 = 50 residences * $2,500 per RO unit. 
11 While some residential RO units (and other types of residential treatment technologies) can cost several hundreds of 

dollars, for this analysis, we assume installation of a Kinetico K5 Drinking Water Station RO unit, which is an RO model 

currently designated for use in response to a severe, long-term groundwater contamination incident in North Carolina, 

affecting thousands of residences (see 

https://edocs.deq.nc.gov/WasteManagement/DocView.aspx?id=1636579&dbid=0&repo=WasteManagement). Pricing 

information from Consumer Reports indicates that $2,500 is a reasonable cost estimate for this unit. 

https://homeguide.com/costs/well-drilling-cost#cost
https://chemtech-us.com/articles/cost-of-well-water-testing-in-2021/%23:~:text=It%20costs%20%24165%20at%20the,%24279%20at%20the%20full%20price
https://chemtech-us.com/articles/cost-of-well-water-testing-in-2021/%23:~:text=It%20costs%20%24165%20at%20the,%24279%20at%20the%20full%20price
https://www.culligan.com/bottled-delivery/select
https://edocs.deq.nc.gov/WasteManagement/DocView.aspx?id=1636579&dbid=0&repo=WasteManagement
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• A maximum of $75,00012 for RO replacement filters, including servicing of such units at $300 

per unit per year for up to five years at 50 residences,13 plus 

• A maximum of $200,000 for irrigation support,14 plus 

• A maximum of $500,000 for additional potential unanticipated remedial and response 

actions,15 plus  

• A maximum of $10,000 for supplemental sampling and analysis at Union City Water Works.16  

Summing the maximum dollar amount for each of these components results in a total maximum per-

release cost of $1,040,000, in current 2022 dollars, for USDW contamination incident cost 

distribution tailored to Hoosier #1’s circumstances. We rely on a minimum cost of $50,000 for the 

cost distribution; this estimate reflects the, albeit unlikely, potential for small releases insufficient to 

cause measurable adverse impacts or to cause impacts which are easily addressed with minimal 

remedial action. We offer additional context for these estimates below. 

In our view, generalized groundwater contamination at Resource Conservation Recovery Act 

(RCRA) or Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 

sites are not the right analogs for Hoosier #1. First, these types of sites often contaminate 

groundwater through spatially broad-based infiltration from the surface above, originating from the 

release of hazardous substances directly or indirectly to land and/or surface water/sediments. Further, 

these types of sites can lead to complicated, long-lasting groundwater response and remediation 

 
12 $75,000 = 50 residences * $300 per RO unit per year * 5 years. 
13 Annual RO unit maintenance costs will vary depending on water use, contaminant levels and other factors. Based on 

warranty information, replacement filter prices and professional judgement, $300 per year per unit is a reasonable 

approximation of annual maintenance costs. As previously noted, release incidents that occur should be resolvable within 

two years. Out of an abundance of caution, for purposes of cost estimation, we assume maintenance of RO units for five 

years after installation to allow for natural dilution/dissipation of any residual CO2/low pH plume, supplemented by active 

remediation, if needed. 
14 Although Indiana averages about 40 inches of rain per year, irrigation sometimes is used particularly in summer 

months. It is difficult to forecast specific needs in response to a potential release event due to seasonal timing, weather, 

specific crop requirements, and other factors, $200,000 provides a substantial sum that could be used for a variety of 

potential response activities, including but not limited to: funding a new irrigation system establishing connections to 

existing, unaffected wells; installing new wells in areas away from potential release impacts and connecting them to 

irrigation systems; instituting farm-specific treatment solutions; and providing temporary replacement water (trucked 

water can cost about $30-$65 per 1,000 gallons). 
15 As part of the ERR response to a release incident, actions might be needed to address CO2 groundwater plumes, to limit 

plume movement, accelerate dilution of CO2 concentrations, extract CO2 through air stripping or other technologies, 

buffer pH, construct reactive barriers and/or otherwise speed the return of an impacted USDW to baseline conditions. This 

cost estimate reflects several factors likely to limit the magnitude of such costs: as discussed elsewhere in this document, 

CO2 releases from faulty wells are attended to relatively quickly; resultant/residual CO2 plumes are not likely to be large; 

rural land use patterns and the low density of water wells in the AoR limit the potential for plume impacts; dilution/natural 

attenuation will reduce CO2 levels without intervention; and CO2 is relatively inexpensive to remove from groundwater.   
16 The Indiana Oil & Gas Online Well Records Database reveals one abandoned well approximately one mile from Union 

City (see Figure 2). The Indiana Department of Natural Resources water well database records indicates that the Union 

City Water Works has seven intake wells (see Figure 4). In the unlikely event of a release, the utility may need to test its 

water more frequently for a defined period of time, and/or test its water for MCLs that are not part of its regular testing 

program (see https://unioncity-in.com/misc-fact-pages#bf19eb4a-2f2e-4e41-a38d-fc8e7a3b12c5 for a recent Union City 

Water Works sampling report). At the approximately $200 per sample cost previously identified for laboratory analysis, 

$10,000 would provide sufficient funds for up to 50 additional supplemental samples. As a general matter, to the extent 

one or more of the utility’s wells is impacted by a release event, a typical response action would be for the utility to rely 

on one of its other intake wells while any release-related issues are resolved. 
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measures, particularly when dealing with long-lived contaminants that can be difficult and expensive 

to remove. 

In contrast, potential release events relevant to the Hoosier #1 site would originate thousands of feet 

below USDWs. By far, the most likely pathway for a potential release is through a CCS, O&G, or 

other industrial well. Such releases are associated with a very specific release location, which offer a 

much better opportunity to identify and mitigate infiltration impacts than a generalized groundwater 

contamination event. 

Second, as previously noted, the composition of the Hoosier #1 CO2 stream is predominantly pure 

CO2 (99.8% by volume) with no co-constituents that could directly introduce contaminants into a 

USDW that could lead to an exceedance of a health based MCL. Rather, potential impacts from a 

release would occur indirectly by lowering groundwater pH, which, in turn, could lead to increased 

dissolution of metals present in the aquifer matrix.17  

Importantly, however, there are natural factors that are likely to limit the impact of any released CO2 

on pH at the Hoosier #1 site. Specifically, area wells produce water from the shallow glacial deposit 

aquifer and from a deeper carbonate bedrock aquifer. The glacial origin of the shallow aquifer (100 

feet) used by the community in the AoR is likely to have carbonate mineral material in the aquifer 

matrix. Carbonate will act to buffer pH from changes due to CO2 – with a carbonate concentration of 

even 1% by weight, pH changes are unlikely to be meaningful. Likewise, the glacial aquifer (at 

depths greater than 100 feet) will have an abundance of carbonates which will serve to buffer the 

effects of the carbonic acid. 

Although we have not obtained carbonate aquifer matrix measurements in or near the AoR, alkalinity 

measurements from groundwater quality wells within about ten miles of the planned injection well 

range from 300-500 mg/L as calcium carbonate (CaCO3). Alkalinity is a different measure of the 

capacity of water (or any solution) to neutralize or “buffer” acids. In general, the levels observed near 

the Hoosier #1 location are considered moderate or high, which indicate that meaningful buffering 

capacity exists.  

Third, for harm to occur from a release event, there also needs to be a sufficient reservoir of metals in 

the aquifer matrix to be leached into USDWs to result in health based MCL exceedances. Local 

measurements of aquifer matrix concentrations of metals have not been obtained, but as previously 

noted, rural water quality wells within about 10 miles of the Hoosier #1 location generally are an 

order of magnitude or more below relevant MCLs.18 

With respect to the potential number of residences that might be affected if a release event were to 

occur, evaluation of the Hoosier #1 site assumes a maximum of 50 households. This assumption 

reflects several factors.  First, as previously noted, there are approximately 200 water wells in the 

entire AoR. However, nine of the ten active/abandoned industrial wells are in the southwest portion 

of the AoR; the attendant rural, low-density area of these wells is the most likely location for a release 

if a release were to occur. An impact plume in that area would need a radius in the order of one mile 

 
17 To the extent naturally occurring brine also was released in an event, the emergency response and remediation actions 

incorporated into the Hoosier #1 evaluation would simultaneously address related impacts.  
18 Secondary (aesthetic) MCLs for iron and manganese are exceeded in the local area (and often in Upper Midwest 

locations). As a result, some residences and business might already have treatment systems in place to address related 

aesthetic impacts, which in some cases also might reduce potential impacts from a CO2 release to a USDW. This Hoosier 

#1 evaluation conservatively assumes no such ‘pre-existing’ systems are in place. Separately, we note that the residential 

RO/comparable systems included in the Hoosier #1 cost distribution also would have the secondary benefit of removing 

iron and manganese from residential drinking water. 
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to affect as many as 50 water wells (see Figure 2), and likely would affect far fewer. For reasons 

described throughout this document, a CO2 impact plume approaching that size is highly improbable. 

Notably, analyses in relevant published literature that attempt to forecast plausible potential CO2 

plume sizes at other locations generally describe radial CO2 plume distances on the order of hundreds 

of meters or less – not thousands of meters.19 

Finally, although it is recognized that there are deeper bedrock aquifers present below the glacial and 

the upper bedrock aquifers in the AoR contemplated for Hoosier #1, water quality data for these 

aquifers are not generally available.  Importantly, however, it has been confirmed that all water wells 

in the AoR draw from shallow aquifers at depths of 500 feet or less. Given negative population 

growth in the Union City area over the past 30 years, coupled with substantial rainfall, the potential 

use of deeper, less productive, and more expensive water resources is unlikely. Nonetheless, in the 

unlikely event that a release incident related to Hoosier #1 were to occur and were to impact a deep 

aquifer, the emergency response and remediation actions associated with residential or agricultural 

water use could be repurposed to mitigate the release to the deeper USDW, because there is no 

residential or agricultural use of deeper aquifers in the AoR.  

5.7 Emergency and Remedial Response Cost Estimation Results 

Table 4 summarizes the results of the 50,000 Monte Carlo simulations that inform estimates of ERR 

costs for Hoosier #1.  The estimated costs are broken down by risk event type in  

Table 5.  Table 6 identifies the number of trials with the identified characteristics. 

Based on the Monte Carlo results an upper-bound cost estimate to satisfy ERR of $2.7 million in 

current 2022 dollars determined.  This determination specifically accounts for an array of possible 

risk events of potential concern at CCS sites, including undocumented deep well leaks, a CO2 

injection well leak, rapid leakage through the caprock, slow leakage through the caprock, release 

through an existing fault, release through an induced fault, and leakage through the caprock (or fault) 

followed by leakage through a shallow well. This upper-bound cost estimate reflects the single Monte 

Carlo trial with the greatest emergency and remedial costs out of the 50,000 trials run. 

As described throughout this document, a substantial level of conservatism has been built into model 

inputs. For example, as indicated in  

Table 5, more than half (63.5%) of all modeled costs relate to the risk event category ‘undocumented 

deep well leak’. For clarity, there is no actual evidence of any wells in the AoR deep enough to 

penetrate confining zone and, given the typical depths of O&G deposits in the area, it is highly 

unlikely any such deep wells were drilled. Nevertheless, out of an abundance of caution, we 

incorporate two such wells into our cost estimation for ERR actions. 

Table 4. ERR Simulation Results Summary 

Summary Statistic Cost Number of Events Occurring 

Average $106,093 0.17 

Median $0 0 

Standard Deviation $286,243 0.41 

 
19 See for example Elizabeth Keating, D. Bacon, S. Carroll, K. Mansoor, Y. Sun, L Zheng, D. Harp and Z. Dai. 

Applicability of aquifer impact models to support decisions at CO2 sequestration sites. International Journal of 

Greenhouse Gas Control 52 (2016) 319-330. and Nicholas Huerta, D. Bacon, C. Carman and C. Brown. NRAP Toolkit 

Screening for CarbonSAFE Illinois – Macon County. Illinois State Geological Survey Prairie Research Institute and 

Pacific Northwest National Laboratory. Report prepared for US DOE 00029381. 2020. 
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Summary Statistic Cost Number of Events Occurring 

5th Percentile $0 0 

95th Percentile $853,930 1 

99th Percentile $1,176,765 2 

Minimum $0 0 

Maximum $2,678,602 4 

 

Table 5. Cost Estimate Breakdown by Release Event Type 

Release Event 
Percent of Total Costs Across 

All Trials 

Undocumented Deep Well Leak 63.5% 

CO2 Injection Well Leak 7.4% 

Rapid Leakage Through Confining Zone 0.2% 

Slow Leakage Through Confining Zone 1.0% 

Release Through Existing Faults 0.0% 

Release Through Induced Faults 0.5% 

Leakage Through Confining Zone/Faults then Shallow Well 27.4% 

 

Table 6. Cost Estimation Monte Carlo Trials with Identified Characteristics  

Category Number of Trials Percent of Total Trials 

Total trials 50,000 100% 

No costs incurred 42,243 84.5% 

Costs < $1 million 6,400 12.8% 

Costs $1-$2 million  1,314 2.6% 

Costs $2-$3 million  43 0.001% 

Costs > $3 million 0 0% 

1 event occurring 7,093 14.2% 

2 events occurring 631 1.3% 

3 events occurring 32 0.001% 

4 events occurring 1 0.00002% 

5 or more events occurring 0 0% 
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Figure 3. Feed Gas Composition 
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Figure 4. Union City Water Works Source Water Wells
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6 Total Financial Assurance Cost 

Based on the discussion provided in Sections 2 through 5 of this document, as well as the 

relevant third-party information and verified quotes, the following table was assembled to 

determine the total value of the financial assurance package.  

Table 7. Financial Assurance Cost Breakdown 

Component of Financial Assurance Amount of Funding 

Corrective Action $506,418 

Injection Well Plugging and Abandonment $250,000 

PISC and Site Closure $2,693,000 

ERRP $2,679,000 

Total $6,128,418 

 

As displayed in Table 7, above, the total value proposed for the financial assurance package is 

$6,128,409. 

7 Method of Financial Assurance 

As described in the Class VI Guidance documents, there are seven financial responsibility 

instruments: 

1. Trust Fund 

2. Standby Trust Letter of Credit 

3. Surety Bond 

4. Insurance 

5. Financial Test and Corporate Guarantee 

6. Escrow Account 

After discussions with several insurance companies, OCP and Cardinal have decided to pursue 

the following methods to demonstrate financial responsibility:  

• Corrective Action, Injection Well P&A, and the PISC and Site Closure will be covered 

by a surety bond to be posted by an insurance firm in an amount sufficient to fulfill the 

obligations laid out in Table 2. 

• The ERRP portion of the financial assurance packer will be fulfilled by an insurance firm 

using an insurance policy sufficient to fulfill the obligation laid out in Table 2. 

Each method of financial assurance will contain applicable protective conditions of coverage 

as required pursuant to 40 CFR 146.85(a)(4).  The financial assurance will be maintained for 

the time period required in 40 CFR 146.85(b). 
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8 Reassessment of Financial Assurance 

The values detailed in Table 7 and this document will be reevaluated annually or as otherwise 

required by 40 CFR 146.85. As such, the insurance policy and values of the bonds for the 

remaining section will be reevaluated and updated annually.  Any changes to the financial 

assurance will be communicated to the Director in accordance with 40 CFR 146.85(a)(5).  Any 

adverse financial conditions that may affect the Operator’s ability to carry out injection well 

plugging and post-injection site care and site closure will be communicated to the Director in 

accordance with 40 CFR 146.85(d).  
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Class VI UIC Financial Responsibility Demonstration 

This submission is for: 

      Project ID:    R05-IN-0003  

      Project Name:    Project Hoosier #1  

      Current Project Phase:    Pre-Injection Prior to Construction  

 

Cost Estimates 

Company providing estimates: Explor, Michigan Wireline, Subsurface Dynamics, Industrial Economics, Franklin Well Services 

Cost of each phase:    Date of Third-Party Estimate:  

      Corrective Action on Deficient Wells: $506,418.00   6/23/2022 

      Plugging Injection Well: $250,000.00   4/20/2022 

      Post-Injection Site Care and Site Closure: $2,693,000.00   5/24/2022 

      Emergency and Remedial Response: $2,679,000.00   5/30/2022 

Total Cost Estimate:    $6,128,418.00  

Year of Dollars: 2022 

Cost Estimate File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/FinancialResp-07-07-2022-1529/For--

Submittal.zip 

Additional Cost Information: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/FinancialResp-07-07-2022-

1529/NA.pdf 

Description of Information Submitted: Submission contains third party quotes and package write up for submittal 

 

Trust Fund 

Number of Trust Fund Instruments: 0 

 

Surety Bond 

Number of Surety Bond Instruments: 0 

 

Letter of Credit 

Number of Letter of Credit Instruments: 0 

 

Third Party Insurance 

Number of Third Party Insurance Instruments: 0 

 

Escrow Account 

Number of Escrow Account Instruments: 0 

 

Self Insurance 

Is Self Insurance Used as a Financial Instrument: No 

 

Other Instrument 

Number of Other Instruments: 0 

 

Notifications 

 

Complete Submission 

Authorized submission made by: Ricky Weimer 

Comments regarding this submission: Financial assurance instruments have been selected for each item, but have not yet been formally established. These will be

establisbhed at a later date, after well installation and before final permits are provided. 

For confirmation a read-only copy of your submission will be emailed to:    craig@vault4401.com 

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/FinancialResp-07-07-2022-1529/For--Submittal.zip
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/FinancialResp-07-07-2022-1529/For--Submittal.zip
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/FinancialResp-07-07-2022-1529/NA.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/FinancialResp-07-07-2022-1529/NA.pdf
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		PO	Box	237,	400	Main	Street		
Vincennes,	IN		47591	

Phone:	(812)	494‐2800	
FAX:	(812)	494‐2508	

 
 
To:  Mr. Randy Evans 
Subject: Cardinal CCS #1 
For:  Cementing estimate to PTA 
Date:  April 20, 2022 
 
Mr. Evans, 
 
     I am pleased to present this cost estimate & proposal to plug the Cardinal CCS #1 project you are 
planning.  Upon learning any new details, we can adjust this proposal accordingly.  Due to the cost of 
fuel and current supply chain issues, I am providing this cost estimate at list cost.  Once there is a date 
set for this project to begin, we can revisit this cost estimate and discuss any discounts that we can 
apply.  We will also need to discuss the EVERCRETE cement and coordinate with SLB.  In the end it 
may be best to utilize SLB’s pumping services for pumping the EVERCRETE.  We can contract them if 
needed. 

 
Plug 7” 26# casing in 7 intervals from 3,600’ – 0’ with the following: 
 
Day #1 
Plug #1  3,600’ – 3,100’ with 100 sx of EVERCRETE 
Plug #2 3,100’ – 2,600’ with 100 sx of EVERCRETE 
Plug #3 2,600’ – 2,100’ with 100 sx of EVERCRETE 
Day #2 
Plug #4 2,100’ – 1,600’ with 95 sx of Type 1 Neat 
Plug #5 1,600’ – 1,100’ with 95 sx of Type 1 Neat 
Plug #6 1,100’ – 600’ with 95 sx of Type 1 Neat 
Plug #7 600’ – 0’ with 110 sx of Type 1 Neat 
Top off as needed (50 sx of Type 1 Neat included in estimate for top off) 
 
Included in this PTA cost estimate: 
1 -  Supervisor  
5 -  Equipment operators 
230 -  Mileage on cement pump 
460 -  Mileage on cement bulk truck (2 trucks) 
500 -  Mileage on cement bulk truck (1 truck to pick up EVERCRETE in Ohio) 
230 -  Mileage on 1 pickup to location 
500 -  Mileage on 1 pickup to Strasburg, Ohio for EVERCRETE pickup 
24 -  Hours on location 
20 -  Subsistence (6 men for 3 nights & 2 men for 1 to pick up EVERCRETE) 
1 -  Cement pump  
3 -  Cement bulk trucks 
41,830 - Pounds of cement blended and loaded 
445 -  Sacks of Type 1 cement 
300 -  Sacks of EVERCRETE 
5 -  Gallons of defoamer 
2 -  Gallon of Biocide 
Cost estimate: $116,254.75 



 
 
 

 
Cement slurry information: 
 
Type 1 Neat 
Density: 15.6 ppg 
Yield:  1.18 ft3/sack 
Mix water: 5.2 gal/sack 
 
EVERCRETE 
Density: 16.05 ppg 
Yield:  1.09 ft3/sack 
Mix water: 3.37 gal/sack 

 
 
Please advise on any changes or adjustments you would like to see within this proposal. If there 

are any questions, feel free to call at any time. I would like to thank you for allowing Franklin Well 
Services the opportunity to give you this price estimate. We appreciate your interest in our services.   
 
Sincerely, 
 
Jonathan Gatten 
Technical Sales 
(270) 748-6419 
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Ricky Weimer

From: Richard Gray
Sent: Tuesday, May 24, 2022 9:22 AM
To: Preston Evans; Ricky Weimer
Subject: FW: 2D in Indiana? 

Preston – figured you had been on some of the comms but not all for 2D in Indiana. 
Ricky – bottom of this is Explor rough estimate for 3D. I’d be happy to reach out to a few more folks to verify – I was 
talking to SAE last week who told me the majority of their work is now CCS in the USA. 
 

From: Allan Châtenay <al@explor.net>  
Sent: May 12, 2022 12:24 PM 
To: Richard Gray <richard@vault4401.com> 
Subject: RE: 2D in Indiana?  
 
Rik; 
 
Great to hear from you!  Congratulations on landing the part time gig! 
 
Indeed, we are staying busy with projects in Oklahoma and Montana that immediately followed our Illinois 3D 
success.  We are permitting a substantial Michigan project and are currently in Montana on a couple of high density 3D 
projects. 
 
After this project wraps up late next week we will be mobilizing to a 2D in Illinois that will take us most of June to finish, 
so moving to a 2D in Indiana in July would be near‐perfect with very low mobilization costs.  As an example, a 20’ RI and 
an 80’ SI with vibroseis (all live 2D lines assuming 6‐7 miles long), we will be around $4,500/mi (fixed, no surprises 
turnkey) including mob/demob, IntelliSeis planning, positioning, nav and real time monitoring, receiver deployment and 
retrieval, vibroseis source acquisition, (and likely also some technology testing and development).  If you would like a 
formal proposal, please send along the desired parameters, shape files, etc. and we can send you a proposal.  If you 
want to go with a weight drop (or the new source we are developing), that price would come down. 
 
A note that after seeing us in action and comparing our performance to other contractors they have used, our US clients 
now simply direct‐award the projects to us.  We have achieved a step‐change in efficiency, dramatically reducing HSE 
exposure – the most fundamental action that can be taken to reduce HSE risk.  (Just posted the stats on LinkedIn). 
 
On the 3D side of things, with the experience in Illinois and Montana under our belts, we can offer the following new 
pricing model for vibroseis HD3D in support of CCUS in benign, open terrain: 

 300’ RLI, 30’ RI 

 300’ SLI, 30’ SI 

 All‐inclusive seismic data acquisition cost <USD$70K/mi2 (4 sq mi minimum) 
o Excludes permitting and processing. 
o Permit agent at USD$700‐$850/day depending on specific circumstance 

 
I think I had been closer to $100K/sq. mi. before…we now know we can do significantly better…if you have some 
projects for us to look at, send them our way and we can dial in costs a bit better. 
 
Thx, 
 
Al. 
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From: Richard Gray <richard@vault4401.com>  
Sent: May 12, 2022 10:42 AM 
To: Allan Châtenay <al@explor.net> 
Subject: 2D in Indiana?  
 
Hi Al 
 
I hope you are doing well and keeping busy. As you can see from the email address I’m doing a little bit of parttime work 
helping out Marcia and Scott with large scale project definition and planning.  
Scott mentioned you had called but he has been flat out with numerous high priority items so has been pushing off 
anything that’s not currently on fire. 
 
One item that wasn’t on fire until this week was some 2D needed in Indiana (Montgomery County) in July timeframe. It 
is only approx. 20miles (3 or 4 lines) and is in Jack Racers backyard. But given that you had so much fun in the states last 
summer I wondered if you would be interested in a few more details and providing an estimate? For a small 2D its fully 
understandable if you say not now. 
 
As for 3Ds for Vault – I’m working with the other project managers to define timing on potentially 3 or 4 different 
projects and fighting hard for them all to be high density (similar size and effort to what I think you did for ISGS) Timing 
unclear. When you get a chance it would be good to get together to see what went well, what you would do different 
and get your thoughts on a good number to use in estimating. (numbers you provided to Marcia last year have been 
carried into quite a few estimates). 
 
Talk to you soon 
Rik 
 

 
 

 

Richard Gray, P.Geo.  
Project manager/Geophysical Consultant 

C:   403‐473‐0905 
E:   richard@vault4401.com 
W: www.vault4401.com 



Subsurface Dynamics Inc. 
545, 940 6th Avenue SW 
Calgary, Alberta, T2P 3T1 

 
 

June 23, 2022 
 
 

Vault 44.01 Ltd. 
ATTN: Ricky Weimer, Project Manager 
email: Ricky@vault4401.com 
 

  Calgary, Alberta  
 

Dear Ricky, 
 
Subject: Cardinal Class VI Permit AoR Reevaluation Project 
 
Thank you for considering Subsurface Dynamics Inc. for this engagement. 

 

The Scope of Work presented in this proposal is based on a request from Vault 44.01 Ltd. to perform 
Cardinal Class VI Permit AoR Reevaluation project. 

 
Subsurface Dynamics Inc. is a Calgary-based, privately held Engineering firm with extensive expertise in 
the oil and gas, CCS and green energy industries. With an experienced staff and access to state of the art 
software solutions (Petrel, CMG, Gohfer 3D, IHS) coupled with proprietary technology development 
solutions (AETHEN.IO), we are well positioned to provide you with an industry leading product. 

 
We appreciate the opportunity to submit this proposal, which is valid for thirty (30) days from the above 
date, and trust that it provides all the information you require. If you have any questions relating to the 
proposal, or any of the services provided by us, please do not hesitate to contact me. 

 
 

Yours sincerely, 
 

Dmitry Deryushkin 
Director, Technology 

 
 

Encl.- 1. Proposal 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cardinal Class VI Permit AoR Reevaluation 
Project  

V3 Proposal 
 
 
 
 

 

Prepared for:  
Vault 44.01 Ltd. 

 

Prepared by: 
Subsurface Dynamics Inc. 
545, 940 6th Avenue SW 
Calgary, Alberta, T2P 3T1 
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Class VI UIC Pre-Operational Testing 

This submission is for: 

      Project ID:    R05-IN-0003  

      Project Name:    Project Hoosier #1  

      Current Project Phase:    Pre-Injection Prior to Construction  

Proposed Pre-Operational Testing: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/PreOpTest-07-07-

2022-1125/5.--Pre-Operational--Testing--Program_Hoosier--1.pdf 

Proposed Pre-Operational Testing Schedule: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/PreOpTest-

07-07-2022-1125/Tentative_pre-op_testing_schedule.pdf 

State Pre-Operational Test Results: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/PreOpTest-07-07-

2022-1125/NA.pdf 

 

Well and Cement Logs 

 

MITs 

 

Core Analyses 

 

Formation Characterization 

 

Injection Well Testing 

 

Complete Submission 

Authorized submission made by: Ricky Weimer 

For confirmation a read-only copy of your submission will be emailed to:    craig@vault4401.com 

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/PreOpTest-07-07-2022-1125/5.--Pre-Operational--Testing--Program_Hoosier--1.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/PreOpTest-07-07-2022-1125/5.--Pre-Operational--Testing--Program_Hoosier--1.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/PreOpTest-07-07-2022-1125/Tentative_pre-op_testing_schedule.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/PreOpTest-07-07-2022-1125/Tentative_pre-op_testing_schedule.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/PreOpTest-07-07-2022-1125/NA.pdf
https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R05-IN-0003/Phase1-PreConstruction/PreOpTest-07-07-2022-1125/NA.pdf
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ATTACHMENT 5: PRE-OPERATIONAL FORMATION TESTING PROGRAM  

40 CFR 146.82(a)(8), 146.87 

 

HOOSIER #1 PROJECT 

 

 

Facility Information 

Project Name:  Hoosier #1 

 

Facility Name:  Cardinal Ethanol  

 

Facility Contact: Jeremey Herlyn, Project Manager  

Cardinal Ethanol 

 

Well Location:   1554 N. 600 E. 

Union City, IN 47390 

CO2 Injection Well Location for Cardinal CCS1 

Latitude  40.186587° 

Longitude -84.864284° 

 

Operator Name:  One Carbon Partnership, LP 

   1554 N. 600 E. 

Union City, IN 47390 
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1 Introduction 

This document serves to detail the proposed Pre-Operational Formation Testing Program to be 

implemented to characterize the chemical and physical features of the lithology at Project 

Hoosier #1. The formations of note include, but are not limited to, the following:  

 

• Mt. Simon Sandstone (injection zone),  

• Eau Claire Formation (confining zone), 

• Maquoketa Formation (which includes the lowest underground source of drinking water 

[USDW]), and  

• Above confining zone (ACZ) intervals.  

The Pre-Operational Testing Program laid out in this document is designed to meet the testing 

requirements of Title 40 of the U.S. Code of Federal Regulations Section 146.87 (40 CFR 

146.87) and well construction requirements of 40 CFR 146.86. It includes a combination of 

logging, coring, fluid sampling, and formation hydrogeologic testing that will be completed 

during the drilling of the: 

• USDW1: Deepest USDW monitoring well  

• CCS1: CO2 injection well, 

• OBS1: Injection zone monitoring well 

• ACZ1: Above confining zone monitoring well 

Should the necessary data fail to be collected in the first three wells, the ACZ1well will be used 

to collect missing overburden data. As a result of the scarcity of well data below the Trenton 

Formation, the final ACZ monitoring interval will be determined after the first deep well has 

been drilled for the project. Based on regional knowledge, it is expected that a suitable 

monitoring interval will be found at or immediately above the Knox Formation unconformity 

due to the Glenwood Formation's properties that create an effective barrier to fluid migration as 

observed to the east in Ohio.  

Current plans are to drill the CCS1 in September 2023, pending receipt of an initial project 

permit. Following the drilling, completion, and testing of the well, a permit modification will be 

submitted to provide updated information regarding the results of the testing program.  

The Pre-Operational Testing Program will determine and verify the depth, thickness, mineralogy, 

lithology, porosity, permeability, and geomechanical information of the injection zone, confining 

zone, and other relevant geologic formations (Figure 1 and Figure 2) via petrophysical logging 

and analysis, and coring.  In addition, formation fluid characteristics will be obtained from the 

injection zone, USDW, ACZs to establish accurate baseline data against which future 

measurements may be compared after the start of injection operations.  
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Figure 1: Site map of Cardinal wells 
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Figure 2: B-B’ Cross Section through the Cardinal wells. TD of each well is indicated on the figure.
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2 USDW1 Well Hydrogeologic Characteristics (146.87 (e)) 

Before the drilling of CCS1, USDW1 will be drilled with a water well rig. This well and the 

associated data will be used to complete the following objectives: 

• USDW1 will be drilled to confirm the depth of the deepest USDW at approximately 

450 feet (ft) below ground surface (BGS) based on local well data (Attachment 1: 

Narrative, 2022). A USDW is defined by the EPA as an aquifer with less than 10,000 

mg/L total dissolved solids (TDS).   

• If an aquifer is not encountered before the anticipated 450 ft BGS, drilling will 

continue until an aquifer is encountered (Figure 2). The estimated total depth (TD) of 

this well is not expected to exceed 600 ft.  

• USDW1 will be completed with polyvinyl chloride (PVC) casing and PVC screen 

across the deepest aquifer.  

• Water samples will be collected to characterize the water quality. The primary goal is 

to identify groundwater with less than 10,000 mg/L TDS to establish the lowermost 

USDW for the project. This depth will serve to provide a depth to set surface casing 

for CCS1 and OBS1.   
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3 CCS1 Injection and OBS1 Observation Well Pre-Operational Formation Testing 

Program (146.87 (a)) 

CCS1 will serve as the CO2 injection well and OBS1 will serve as the deep monitoring well. As 

such, a rigorous Pre-Operational Testing Program will be performed to: 

• Collect important site characterization data such as, but not limited to, wireline logs, core, 

and fluid samples,  

• Ensure the well will not serve as an upward conduit for CO2 migration to the overlying 

USDWs. 

The well construction plan is presented in (Attachment 4: Well Construction, 2022). This section 

describes the Pre-Operational Testing Program that will be completed during the drilling and 

completion of CCS1. Should OBS1 be drilled prior to CCS1, similar methodologies will be used 

to collect data for characterization. The second well will present an additional opportunity to 

collect data should the following occur: 

• The project is unable to collect a particular dataset in the first well, 

• A dataset is collected but is not useable. (i.e., damaged core). 

It has not currently been determined whether OBS1 will be drilled before, or after CCS1. Clarity 

as to the order of operations will be provided once a more detailed installation procedure is 

finalized.  

3.1 Deviation Surveys (146.87 (a)(1)) 

Deviation surveys will be obtained as Cardinal CCS1 and OBS1 are drilled to determine the 

wellbore path from the surface to the total depth of the wells. It is currently planned that this 

will be done by running a survey tool in on wireline to measure the inclination. The tool has 

an electronic timer that is set at the surface to allow enough time to run the tool in the drill 

pipe to the desired depth. Following the set time, the tool is removed from the well. The result 

of the survey will then be reviewed prior to continuation of drilling 

An alternative way to measure these deviation surveys is done by placing a measurement 

while drilling (MWD) tool, used to take well path surveys, on the bottomhole assembly 

(BHA) just above the drill bit. This tool records the inclination (deviation) and azimuth 

(direction), and then transmits this information to surface in real-time.   

Hole deviation will be maintained at less than five degrees, as the planned maximum 

allowable deviation in the well is 5 degrees.  If necessary, the wellbore will be steered back to 

acceptable deviation with directional tools, with a downhole motor or rotary steerable system 

added to the BHA.  Surveys will be taken at the frequency shown in Table 1Table 1.  In 

general, a survey will be performed every 300 ft during the drilling of the borehole unless 

deviation of the borehole becomes apparent.   

Should the deviation increase, more frequent surveys will be performed, and remedial actions 

will occur as necessary to bring the well within specification.  More frequent surveys will also 

be performed while drilling through zones that are likely to cause the bit to “walk” creating a 

greater risk for deviation.   
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Table 1: CCS1 and OBS1 Deviation survey frequencies to be taken. 

Range of Deviation Frequency of Survey 

<1 degree 1 survey per every 300 ft. of hole 

>1 degree, but < 2 degrees 1 survey per every 240 ft. of hole 

>2 degrees, but < 3 degrees 1 survey per every 120 ft. of hole 

>3 degrees, but < 4 degrees 1 survey per every 90 ft. of hole 

>4 degrees, but <5 degrees 1 survey per every 30 ft. of hole 

3.2 Well Logging: Before and After Surface Casing (146.87 (a)(2)) 

Table 2 summarizes the open and cased hole well logs that will be acquired before for the 

surface casing section of the well.  The  bottom of the surface casing is estimated to be 

between approximately 450 to 560 ft BGS. 

Table 2: CCS1 and OBS1 summary of wireline logs and associated parameters of logging tools to be run  

before and after surface casing is set (surface to between 450– 560 ft). 

Open/ Cased 

Hole 
Log Type Parameters Obtained CCS1 OBS1 

Open Hole 

(Required) 

Gamma Ray Lithology X  

Spontaneous Potential Permeability X  

Resistivity Fluid saturation, permeability X  

Caliper Borehole diameter, stress X  

Surface Casing Will Be Installed and Cemented 

Cased Hole  

(Required) 

CBL – with radial arms 

Surface casing cement 

integrity, external mechanical 

integrity 

X X 

Temperature 
Temperature, external 

mechanical integrity 
X X 

Cased Hole 

(Optional) 

Ultrasonic Cement 

Evaluation 

Cement integrity, external 

mechanical integrity 
X X 

3.3 Well Logging: Deep Section (146.87 (a)(2)) 

Table 3 and Figure 3 summarize the well logs that will be run before and after long string 

casing is set and the purpose of each well log. The cased hole well logs will be acquired after 

the well is cemented and completed (Table 3). The well logs that are acquired to characterize 

the injection zone and confining zone will be run in the first deep well drilled for the project. 

A minimal logging suite will be acquired in the second deep well to correlate to the data 

acquired in the first well. 

In addition to the well logs listed in Table 3, the project may run other specialty well logs 

over the injection zone and confining interval in order to further characterize these 

formations. Specialty logs may include, but are not limited to, elemental capture spectroscopy 
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(ECS), nuclear magnetic resonance (NMR), dipole sonic in multiple modes, or zero offset 

vertical seismic profiles (ZVSP). 

Table 3: CCS1 and OBS1 summary of wireline logs and associated parameters of logging tools to be run  

before and after long string casing (surface to TD). 

Log Log Type Parameters Obtained CCS1 OBS1 

Open Hole 

Logging 

(Required) 

Gamma Ray Lithology X  

Density Porosity, density X  

Neutron 

Porosity 
Porosity X  

Spontaneous 

Potential 
Permeability X  

Resistivity Fluid saturation, permeability X  

Caliper Borehole diameter, stress X  

Image Log 
Lithology, porosity, borehole diameter, 

fracture characterization, stress 
X  

Special Open 

Hole Logging 

(Optional) 

Sonic Log Porosity, formation velocities X  

Long string casing will be installed and cemented 

Cased Hole 

Logging 

(Required) 

CBL with 

radial arms 

Cement integrity, external mechanical 

integrity 
X X 

Temperature 
Temperature, external mechanical 

integrity 
X X 

Cased Hole 

Logging 

(Optional) 

Ultrasonic 

Cement 

Evaluation 

Cement integrity, external mechanical 

integrity X X 

Pulsed 

Neutron 

Lithology, baseline fluid saturation, 

porosity 
X X 
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Figure 3: CCS1 Summary of wireline logs and associated parameters of logging tools to be run  

before and after surface casing (surface to TD).
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3.4 CCS1 and OBS1 Injection Well Core Program (146.87 (b)(d)) 

Once the first deep well for the project has been drilled, the well logs will be analyzed and 

used to pick the optimal intervals to obtain core from the confining zone and the injection 

zone in the second well drilled for the project (Figure 4). Approximately 50 ft of core will be 

acquired in both the Eau Claire Shale and the Mt. Simon Sandstone. Figure 4 and Table 5 

summarize the plans for whole core acquisition and testing from the second deep well.  

Table 4: Whole core collection plan. Whole core plugs will be taken from the whole core at regular intervals. Sidewall 

core collection will be contingent on the results of the well logging and the success of the whole core acquisition. 

Core Type Target Interval MD (ft) Formation Core Size 

Whole Core 2,675 – 2,725 Eau Claire Shale 4 in 

Whole Core 3,525 – 3,575  Mt Simon Sandstone 4 in 

Sidewall Core  Contingency As Needed 1.5 in 

 

Sidewall core intervals will be selected as contingency should the project be unable to obtain 

the desired whole core intervals. Using well logs, a neural network will be run to determine 

the heterogeneous rock types. This will be used to determine the sidewall core locations and 

to fill any gaps in the whole core program. Sidewall cores collected will provide a 

comprehensive set of routine rock property data for calibrating geophysical wireline logs and 

to supplement formation property data where whole core data are not available.   

Additional core will be collected if: 

• Interpretation of the characterization well data indicates that additional data are needed 

to meet Class VI permit requirements. 

• As required by the Director. 

Once the whole core is collected, preserved, and transported to a core lab, the following will 

be completed:  

1. The core will be slabbed. 

2. High resolution core photography will be completed. 

3. Core viewing and core descriptions will be completed by project geologists.  

4. Using well logs, a neural network will be run to determine the heterogeneous rock 

types.  

5. To best capture the heterogeneity present in the core, the core viewing and 

heterogeneous rock type analysis will be used to select whole core plug locations.  

6. Whole core plugs will be taken from the whole core at regular intervals. 

7. Core analysis will be completed. Core testing will provide information on rock 

properties (e.g., porosity, permeability, petrology, and mineralogy) that are 

representative of the injection and confining zones near the injection well. Table 5 

contains details of the planned laboratory testing for the whole core sections.  
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8. The details in Table 5 are a preliminary plan only and are expected to change once 

site-specific data is acquired. Core plugs, sidewall plugs, and core analysis will be 

adjusted based on the drilling and log data that is acquired.   

If sidewall core is collected, preserved, and transported to a core lab, the following will be 

completed.  

1. High resolution core photography will be completed. 

2. Core viewing and core descriptions will be completed by project geologists.  

3. Core analysis will be completed. Core testing will provide information on rock 

properties (e.g., porosity, permeability, petrology, and mineralogy) that are 

representative of the injection and confining zones near the injection well. 

Core samples from the second deep well will provide information on geologic properties in the 

immediate area. The laboratory-derived core measurements will be integrated with wireline logs 

and used for petrophysical calibration. The integrated dataset will then be correlated with 

wireline logs from offset wells to support the correlation and confirmation of stratigraphy, rock 

properties, and site characterization.  

Formal core plans and numbers of cores to be utilized for each analysis listed in Table 5 will be 

provided once they are finalized with a coring contractor prior to well installation. 
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Figure 4: Preliminary whole core collection plan
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Table 5: Summary of potential core analyses and associated parameters 

Core Analysis Type Parameters Obtained Formations 

Routine Core 

Analysis 

Porosity, Permeability, Grain 

Density 

Mt. Simon Sandstone 

Eau Claire Shale 

Intervals TBD 

Tight Rock Analysis Porosity, Permeability, Grain 

Density 

Eau Claire Shale  

Intervals TBD 

Thin-Section 

Petrography 

Mineralogy, Lithology, 

Porosity, Grain size, Textural 

maturity, Oil Staining 

Mt. Simon Sandstone 

Eau Claire Shale 

Intervals TBD 

X-Ray Diffraction  Mineralogy, clay identification Mt. Simon Sandstone 

Eau Claire Shale 

Intervals TBD 

Core Gamma Ray 

Log 

Lithology, Porosity, Grain 

Size, Geologic Contacts 

Both Whole Core Intervals 

Relative 

Permeability 

Relative permeability, 

Wettability 

Mt. Simon Sandstone 

Intervals TBD 

Mercury Injection 

Capillary Pressure 

Capillary Pressure Mt. Simon Sandstone 

Eau Claire Shale 

Intervals TBD 

Triaxial Tests Rock Strength, Ductility, 

Poisson's Ratio, Young's 

Modulus 

Mt. Simon Sandstone 

Eau Claire Shale 

Intervals TBD 

Rock 

Compressibility 

Rock Compressibility Mt. Simon Sandstone 

Eau Claire Shale 

Intervals TBD 

3.5 CCS1 Injection Well: Fluid Sampling and Analysis (146.87 (b – d)) 

Characterization of formation fluids will be based on analysis of fluid samples acquired from 

USDW1, CCS1, and ACZ1. These samples will be collected through swabbing, drill stem 

tests (DSTs), or downhole pumps and will provide information on the baseline geochemistry 

of the subsurface fluids. The sampled formations will include, but are not limited to, the 

injection formation, the first ACZ monitoring interval above confining zone, and the 

lowermost USDW.  

All fluid samples will be analyzed for TDS, other major analytes, and stable isotopes. This list 

of analytes as well as their detection limits is provided in Table 6. 
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Table 6. Summary of analytical and field parameters for groundwater samples 

Parameters Analytical Methods(1) 

Cations:  

Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb, Se, Zn, Ti 

Ca, Fe, K, Mg, Na, and Si 

 

ICP(2)-MS(3), EPA Method 6020 

ICP-OES(4), EPA Method 6010B 

Anions:  

Br, Cl, F, NO3, and SO4 

 

Ion Chromatography 

EPA Method 300.0 

Dissolved CO2 Coulometric Titration 

ASTM D513-11 

Stable Isotopes of δ13C  

Dissolved Inorganic Carbon (DIC) 

Isotope Ratio Mass Spectrometry(5) 

Total Dissolved Solids (TDS) Gravimetry 

APHA 2540C 

Water Density (field) Oscillating Body Method 

Alkalinity APHA 2320B 

pH (field) EPA 150.1 

Conductivity/Resistivity (field) APHA 2510 

Temperature (field) Thermocouple 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 

Note 2: Inductivity Coupled Plasma 

Note 3: Mass Spectrometry 

Note 4: Optical Emission Spectrometry 

Note 5: Gas evolution technique by Atekwana and Krishnamurthy (1998), with modifications made by 

Hackley et al. (2007) 

 

3.6 Geomechanical Testing (146.87 (d)) 

The geomechanical characterization of the injection and confining zones for the project will 

be assessed by analyzing one or more of the following data sets: core analyses, log data, and 

in-situ field tests. These analyses may include, but are not limited to, triaxial compressive 

strength tests of core samples, dipole sonic and image logs, and step rate testing (SRT). The 

results of these analyses will provide information on the direction and magnitude of the three 

principal components of the stress field as well as the fracture gradient. Additional 

geomechanical data may be collected from OBS1 if problems are encountered with data 

acquisition in CCS1.  

An SRT will be performed on the Mt. Simon Sandstone interval to determine the following 

information:  



Plan revision number: 1.0 

Plan revision date: July 4, 2022 

Attachment 5: Pre-Operational Formation Testing Program; Hoosier #1 Project 

Permit Number: Not Yet Assigned Page 18 of 23 

• Fracture opening pressure (to determine the fracture gradient)  

• Fracture propagation pressure  

• Fracture closure pressure.  

This will be done by analyzing the pressure response to increasing rates. Injection at each of 

these rates will be performed on CCS1for the same period as the high-level procedure below. 

A formal procedure will be provided to the EPA prior to the running of the SRT.  

1. Record static pressure and temperature for a minimum of one hour.  

2. Rig-up pump truck, ensure sufficient volume of fluid is present at location to begin 

testing.  

3. Pressure test lines above maximum anticipated operating pressure, but below equipment 

rating.  

4. Begin SRT. 

a. Pump first step of test at first desired rate (ex: 0.5 bpm) for a defined time (ex: 0.5 

hours) 

b. After the first step is completed, increase rate to next step (ex: 1.0 bpm) for the 

same defined step time (0.5 hours). 

c. Repeat until the end of the test. 

5. Shut-in well at the wing valves(s). Record the time of shut-in, the rate prior to shut-in and 

the shut-in pressure.  

6. Rig-down pump truck. 

7. Monitor pressure falloff for minimum of 24-hours.  

The data from this test will be analyzed using appropriate analysis software, and the results will 

be included in the post installation reporting. Gauge calibration records will be provided at this 

time as well.  

3.6.1 Pressure Fall-off Testing 

A pressure fall-off test (FOT) will be run on CCS1 following the completion of the SRT. The 

purpose of this test is to further characterize the injection zone. During this test, fluid will be 

injected at a constant rate for a predetermined length of time, after which the well is shut in, and 

the FOT monitored for an equal amount of time as the injection lasted.  

The data from this test will be evaluated using rate superposition analysis to determine reservoir 

information such as: permeability, skin factor (damage), and flow regimes present. This test 

analysis will act as a “baseline” measure to determine the change in overall effectiveness and 

injectivity of the injection zone over time, among other things. A high-level procedure is 

provided below. Note that a formal procedure will be provided to the EPA prior to the running of 

the FOT.  

1. Record static pressure and temperature for a minimum of one hour.  

2. Rig-up pump truck, ensure sufficient volume of fluid is present at location to begin 

testing. 

3. Begin injection. Inject at constant rate for predetermined duration.  

4. At the end of the injection period, shut the well in at the wing-valve(s). Record the time 

of shut-in, rate prior to shut-in, and the shut-in pressure.  

5. Secure the well. 
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6. Rig-down pump truck  

7. After the pressure has been allowed to decline for approximately the same duration as the 

injection the test can conclude.  

The data from this test will be analyzed using pressure transient analysis software, and the results 

will be included in the post installation reporting. Gauge calibration records will be provided at 

this time as well. 

3.7 CCS1 Injection Well Mechanical Integrity Testing (146.87 (a)(4)) 

3.7.1 Internal Mechanical Integrity Testing (146.87 (a)(4)(i)) 

Internal mechanical integrity (Part I) refers to the integrity of the seal between the long string 

casing, injection tubing, wellhead, and packer as well as the integrity of the individual 

components.  In this subsection, annulus refers to the casing-tubing annulus. The 

effectiveness of this seal can be confirmed with a mechanical integrity test (MIT) and annular 

pressure monitoring.   

Part I of the mechanical integrity will be demonstrated by way of an annulus pressure test 

(APT) as is standard for UIC wells. The APT will be performed after the tubing, packer, 

downhole equipment, and the wellhead have been installed. Prior to the installation of the 

wellhead, the annulus will be filled with fluid as outlined in the Well Construction component 

of this application (Attachment 4: Well Construction, 2022).  

The APT will then be performed by pressuring up the annulus after the well has reached 

thermal equilibrium. Once this has occurred, the annulus will be pressured up to 1,500 psi as 

outlined later in the application (Attachment 6: Well Operations, 2022). A calibrated digital 

gauge will be installed on the annulus, and the pressure will be monitored for a period no less 

than 60-minutes.  

During this period, the casing and tubing pressure will be monitored at 5-minute intervals. 

Following the conclusion of the test, the gauge will be removed, and the casing pressure will 

be lowered to the normal operational pressure. The test will be considered successful if the 

pressure has deviated by less than 5% of the initial value.  

In addition to this standard internal integrity monitoring, inspection of the tubing will be 

performed as it is being installed to monitor the tubing for corrosion (Attachment 7: Testing 

And Monitoring, 2022).   

Once injection commences, injection pressure, annular pressure, and annular fluid volumes 

will be monitored continuously to ensure internal well integrity and proper annular pressure is 

maintained (Attachment 7: Testing And Monitoring, 2022). 

3.7.2 External Mechanical Integrity (146.87 (a)(4)(ii – iv)) 

External mechanical integrity (Part II) refers to the absence of fluid movement/leaks through 

channels in the cement between the long string casing and the borehole.  The upward migration 
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of injected fluids through this zone could result in contamination of USDWs. The external 

integrity of CCS1 will be confirmed throughout the project. The frequency of the testing to 

determine Part II mechanical integrity will be performed on the schedule defined in the testing 

and monitoring plan (Attachment 7: Testing And Monitoring, 2022).    

Generally accepted methods for evaluating external mechanical integrity include the following: 

• Temperature or noise log, 

• Oxygen-activation logging (OAL) or radioactive tracer (RAT) logging (during operation) 

After completion, a baseline temperature log will be run from surface to the bottom of the 

long string casing (approximately  3,693 ft) to provide initial temperature conditions over the 

well. Temperature logging performed after injection has started will be performed at regular 

intervals based on the schedule provided in the testing and monitoring plan. The results of 

these logs will be compared to the baseline log to determine if anomalies that suggest CO2 is 

migrating up the well bore are present.  

If the temperature logging data suggests an issue with external well integrity exists, a RAT 

log will be performed to evaluate external well integrity with greater sensitivity.   

In addition to the baseline temperature log, a CBL, and advanced ultrasonic cement 

evaluation log will be run across the entire long casing string after completion of the injection 

well to confirm that the casing string was properly cemented. Cement Bond Logs-Variable 

Density Logs (CBL-VDLs) are recorded with sonic tools that detect the bond of the casing 

and formation to the cement between the casing and wellbore to identify damage. Ultrasonic 

tools provide higher accuracies and resolutions for cement evaluation.
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3.8 CCS1 Injection Well Schedule (146.87 (f)) 

Cardinal Ethanol will provide Region 5 with the opportunity to witness all logging and testing 

detailed in this section. Cardinal Ethanol will submit a schedule of such activities to the Director 

30 days prior to conducting the first test and submit any changes to the schedule 30 days prior to 

the next scheduled test, as much as reasonably possible. 

Table 7 provides a tentative schedule based on the numbers of days to complete each well and 

the associated data to be collected. It is anticipated that the drilling schedule can be updated once 

CCS1 has been drilled, and once again when the Class VI permit is received. 

The Pre-Operational Formation Testing Program for CCS1 consists of the following primary 

steps that are subject to change as circumstances dictate.  

1. Determine the depth to the deepest USDW so surface casing can be set.  
a. Note: This depth will be determined based on prior testing performed on USDW1, 

assuming that the lowest USDW is identified and tested.  

2. Drill the surface hole to the surface casing depth.  
a. Note: It is anticipated that the TD of the surface section will be between 450-600 feet , 

depending on the results from Step 1. Deviation surveys will be taken using method 

described in Section 3.1 of this document.  

3. Log the surface hole with open hole logs. 
a. Note: a list of these logs is provided in Table 2 above.  

4. Install the surface casing and cement in place per the methodology described in the Well 

Construction Program (Attachment 4: Well Construction, 2022).  

5. To ensure the isolation of the lowermost USDW and to confirm the integrity of cement-

casing and cement-formation bond, a cement bond log will be run. Following this, and 

prior to drilling out the surface casing shoe, a casing pressure test will be completed.  
a. Note: details on the casing pressure test are provided in (Attachment 4: Well 

Construction, 2022). 

6. Once the surface casing is cemented, tested and a good bond log has been run, the rig will 

drill through the surface casing shoe, then drill the well to TD. Sufficient rat hole will be 

drilled at such that the basement rock can be properly characterized.  
a. Note: the anticipated TD of the well is approximately 3,708 feet, but is subject to change 

7. If, during drilling, a substantial lost circulation zone is encountered, an intermediate 

casing string will be used to isolate this zone.   
a. Note: Steps 3, 4, and 5 will be completed to characterize this section of the formation and 

to confirm good cement bonding is present. A list of the logs to be run in this section is 

provided in Table 3. 

8. The well will be logged with open hole logs. 

a. Note: a list of these logs is provided in Table 4. 

9. Assuming CCS1 is drilled first, whole core depths will be determined from CCS1 to 

guide coring depths in OBS1 in order to collect core from the reservoir and confining 

zone intervals. Sidewall core will be collected as required to fill in data gaps. 

10. The long string casing will be installed and cemented in place per the methodology 

described in the Well Construction Program (Attachment 4: Well Construction, 2022). 

11. Select intervals of the Mt. Simon Sandstone will be perforated and cleaned with acid per 

the methodology described in the Well Construction Program (Attachment 4: Well 

Construction, 2022). 
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12. The injection string, packer and wellhead will be installed per the methodology described 

in the Well Construction Program (Attachment 4: Well Construction, 2022). 

13. Part I (internal) and Part (external) mechanical integrity will be displayed. 

14. Fluid samples will be taken from the Mt. Simon Sandstone and will be analyzed for TDS, 

other major analytes, and stable isotopes.  
a. Note: further detail on the fluid sampling is provided in Section 3.5 of this document.  

15. Geomechanical testing will be performed on the Mt. Simon Sandstone by means of an 

SRT to determine the in-situ fracture pressure of the formation. 

16. Geomechanical testing will be performed on the core taken from the Eau Claire 

Formation as detailed in Section 3.4 of this document.    

17. A pressure falloff test (FOT) will be performed on the well to determine reservoir 

parameters.  

A detailed proposed scheduled and time breakdown (drilling curve) is provided in the well 

construction section.  

Table 7: Tentative Schedule for Pre-Operational Testing 

Well Depth (ft) Days Data Sets 

USDW1 600 3 1. USDW water quality sample 

CCS1 3,708* 20 

1. Open hole logs 

2. Special open hole logs 

3. Cased hole logs 

4. Mt. Simon Sandstone fluid sample(s) 

5. Whole or sidewall core collected in 

OBS1 

6. Geomechanical and reservoir testing 

OBS1 3,709* 20 

1. Open hole logs 

2. Cased hole logs 

3. Whole or sidewall core (Mt. Simon 

Sandstone and Eau Claire Shale)** 

ACZ1 1,600 10 Any potential missing data sets 

*Only one well will be drilled into basement. The well which does not penetrate the basement will be drilled to a shallower 

depth than listed 

**OBS1 could also be used as the primary core collection well. Should sidewall cores be needed, they can also be collected 

from this well.  
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ATTACHMENT 7: TESTING AND MONITORING PLAN 

40 CFR 146.90 

HOOSIER #1 PROJECT 

 

 

Facility Information 

Project Name:  Hoosier #1 

 

Facility Name:  Cardinal Ethanol  

 

Facility Contact: Jeremey Herlyn, Project Manager  

Cardinal Ethanol 

 

Well Location:  1554 N. 600 E. 

Union City, IN 47390 

CO2 Injection Well Location for Cardinal_CCS1 

Latitude  40.186587° 

Longitude -84.864284° 

 

Operator Name: One Carbon Partnership, LP 

   1554 N. 600 E. 

Union City, IN 47390 
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1 Overall Strategy and Approach for Testing and Monitoring 

This Testing and Monitoring Plan presented in this document provides details on how the 

Hoosier #1 Project will monitor the site pursuant to 40 CFR 146.90.  

1.1 Testing and Monitoring Plan Strategy 

The Hoosier #1 Project has developed a risk-based Testing and Monitoring Program that 

includes operational, verification, and environmental assurance components while, at the same 

time, meeting the regulatory requirements of 40 CFR 146.90 (Attachment 1: Narrative, 2022; 

Attachment 12: Risk Register, 2022). This Testing and Monitoring Program is based on 

experience gained from other approved Class VI projects, as well as extensive geologic 

evaluation and computational modeling. 

Goals of the monitoring strategy include, but are not limited to: 

• Fulfillment of the regulatory requirements of 40 CFR 146.90, 

• Protection of underground sources of drinking water (USDW), 

• Risk mitigation over the life of the project, 

• Confirmation that CCS1 is operating as planned while maintaining mechanical integrity, 

• Acquisition of data to validate and calibrate the models used to predict the distribution  

of CO2 within the injection zone, 

• Support Area of Review (AoR) re-evaluations over the course of the project. 

The Testing and Monitoring Plan will be adaptive over time, and is subject to alteration should 

one of the following potential scenarios occur: 

• Project risks evolve over the course of the project outside of those envisioned at the 

beginning of the project, 

• Significant differences between the monitoring data and predicted computational 

modeling results are identified, 

• Key monitoring techniques indicate anomalous results related to well integrity  

or the loss of containment. 

Monitoring activities can be separated into three categories based on various objectives: 

operational, verification, and assurance monitoring.  

• Operational monitoring focuses on day-to-day injection operations such as system 

performance.  

• Verification monitoring confirms that the CO2 remains contained within the selected 

storage complex. The CO2 and pressure plume development is tracked over time 

 to provide data for model calibration. Integration of verification monitoring data into 

project models allows the project to demonstrate conformance between the computational 

modeling and the testing and monitoring data collected during the operations and closure 

phases of the project’s lifecycle.  
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• Assurance monitoring is at surface and near-surface (i.e., soil, groundwater, USDWs, 

etc.) to monitor for any changes from baseline (taken pre-injection) sample data that 

might indicate CO2 migration towards surface.  

These three categories cover a range of monitoring objectives including  

• Well operations,  

• Containment,  

• Non-endangerment of USDWs,  

• Capacity,  

• Injectivity,  

• Injection pressure, and  

• Conformance. 

 

Table 1 provides of summary of the general monitoring strategy with subcategories. 

Table 1: Summary of general monitoring strategy for the Hoosier #1 Project 

Monitoring Action Monitoring Objectives Monitoring Technology 

CO2 stream analysis Purity of the CO2 stream Lab analysis 

CO2 plume monitoring Verification/ conformance, 

containment, non-endangerment 

of USDWs 

Time-lapse seismic data, pulsed neutron 

logging (PNL), fluid sampling with 

aqueous geochemistry, and isotope 

analysis 

Pressure plume monitoring Injection pressure, injectivity, 

verification/ conformance 

Downhole pressure sensors in the 

injection wells, microseismic 

monitoring 

ACZ Changes Containment, non-

endangerment of USDWs 

 

Downhole pressure and temperature 

sensors in monitor wells, fluid sampling 

with aqueous geochemistry and isotope 

analysis, PNL, time-lapse seismic data,  

Project well integrity Containment, non-

endangerment of USDWs 

 

Temperature logging, PNL, oxygen 

activation or radioactive (RAT) logging, 

annular pressure monitoring, 

mechanical integrity tests (MIT), 

pressure fall-off tests (FOTs), corrosion 

monitoring, testing of emergency shut-

down systems 

Reservoir performance Injectivity Wellhead and downhole pressure 

sensors  

Induced seismicity Containment,  

non-endangerment of USDWs, 

induced seismicity 

Surface-based or downhole 

microseismic monitoring arrays 

Groundwater monitoring Containment,  

non-endangerment  

of USDWs, assurance 

Fluid sampling with aqueous 

geochemistry and isotope analysis 
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1.2 Storage Complex 

A site-specific stratigraphic chart of geologic formations present in CCS1 is shown in Table 2. 

Figure 3 shows a cross section of the CO2 plume at the end of the 10-year Post Injection Site 

Care (PISC) period.  

The specific intervals to be monitored are as follows: 

• Mt. Simon Sandstone (injection interval), 

• Above Confining Zone (ACZ) (likely in the Knox Formation), 

• Maquoketa Shale (suspected lowermost USDW), 

• Shallow groundwater. 

As a result of the scarcity of well data below the Trenton Formation, the final ACZ monitoring 

interval will be determined after the first deep well has been drilled for the project. Based on 

regional knowledge, it is expected that a suitable monitoring interval will be found at or 

immediately below the Knox Formation unconformity due to the Glenwood Formation's 

properties that will create an effective barrier to fluid migration in Ohio. 
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Table 2: Major stratigraphic units in the AoR with descriptions and role in the project. 

Period Group Formation Use   Brief Description 
 Undifferentiated 

Undifferentiated 
The deepest USDW is estimated to be at 450 

feet.  

 Silurian Bedrock 

O
rd

o
v

ic
ia

n
 

Maquoketa 

Maquoketa 
Lowermost 

USDW 

Kope Undifferentiated Unconsolidated glacial deposits 

Trenton Gas Production Gas production target to be avoided 

Black River 
Black River 

Undifferentiated Unconsolidated  

Pecatonica 

Ancell 

Joachim 

Gull River 

Glenwood 

Knox 

Knox 
Monitoring 

Interval The Knox is composed of white to brown, very 

fine to coarse-grained, crystalline to sugary 

dolomite, containing pyrite, white and light blue 

oolitic chert, and dolomite rhombs with fossil 

fragments. Portions of the Knox are vuggy and 

thus the unit contains some intervals capable of 

acting as buffering units.  

Shakopee Potential 

Secondary 

Confining 

(approx. 988 ft 

thick) 

Oneota 

C
am

b
ri

an
 

Potosi 

Potsdam 

Davis 

Eau Claire 

Primary 
Confining 

(approx. 487 ft 

thick) 

Interbedded shales, and dolomite. Interbedded 

green and reddish-brown glauconitic shales are 

more prevalent near the top of the formation.  

Eau Claire 

 Silt 

Potential 

Secondary 

Storage Reservoir 
(Storage rights 

requested) 

(approx. 59 ft 

thick) 

Interbedded glauconitic sandstones, siltstones, 

shales. Siltstones and sandstones are light to 

medium greenish-gray, brown, or very light 

orange. 

Mt Simon 

Storage Reservoir 
(Storage rights 

requested) 

(approx. 501 ft 

thick) 

Lies unconformably upon the Middle Run 

(Precambrian). This is evident by the abrupt 

change from the poorly sorted, heterogenous, 

angular, well cemented rocks of the Middle Run 

and the lighter, homogenous, less cemented 

partially friable basal Mt. Simon Sandstone.  

P
re

ca
m

b
ri

an
 

Precambrian 

Middle Run 

and 

Precambrian 

and Basement 

Lower Confining 

The Middle Run is generally a medium to dark 

reddish brown, argillaceous, well-sorted, fine 

grained quartzose feldspathic sand. 

The Precambrian consist of rhyolite, trachyte, 

and fine grained, micrographic to granophyric 

granite of extensional tectonic origin. 
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1.3 Area of Review and Project Wells  

Figure 1 and Table 3 show the proposed wells for the project. Figure 1 shows the predicted 

plume development over time as well as the AoR. Figure 2 and Figure 3 illustrate the modeled 

CO2 plume development ten-years post injection as well as the current AoR. The current CO2 

and pressure plume predictions have been used to inform the spatial extent of the Testing and 

Monitoring Plan.  

The AoR and Corrective Action Plan includes a discussion of the technical basis for the current 

AoR as well as how the monitoring data will be used to re-evaluate the AoR over the injection 

phase of the project (Attachment 2: AoR and Corrective Action, 2022).  Once CCS1 has been 

drilled, the data gathered as part of the Pre-Operational Testing Program will be used to update 

the current static model and the computational modeling (Attachment 5: Pre-Op Testing 

Program, 2022). The updated models will be used to verify or re-evaluate the current AoR and 

associated Testing and Monitoring Plan should it be necessary (Attachment 2: AoR and 

Corrective Action, 2022).     

The proposed OBS1 well is located approximately 2,500 ft south of CCS1 and the Cardinal 

Ethanol facility on land owned by Cardinal Ethanol (Figure 2). The computational modeling 

predicts that the CO2 will breakthrough at this well in the Year 3 of injection operations 

(Attachment 2: AoR and Corrective Action, 2022). The primary objectives of the OBS1 well are 

to monitor injection zone pressures at a distance from CCS1 and to obtain fluid samples from the 

well prior to CO2 breakthrough. Fluid samples from the injection zone will allow the project to 

characterization the changes in aqueous geochemistry and the rock matrix in the early years of 

the project. Once the CO2 breaks through at OBS1, the project will be able to use PNL to 

characterize the development of the vertical CO2 plume over time at a distance from CCS1. The 

far field pressure measurements will be used to calibrate the computational modeling during the 

operations phase of the project. 

 

Table 3: Proposed Hoosier #1 Well Locations (European Petroleum Survey Group (EPSG) 2965) 

Well Name Well Use X0, ft Y0, ft TD, ft Status 

CCS1 Primary CCS Injector well  

in the Mt. Simon Sandstone 

552167 1799966 3,708 

Proposed 

Wells 

OBS1 CCS Observation Well 551657 1797463 3,709 

ACZ1 ACZ Monitoring Well 552218 1799966 1,666 

USDW1 Lowermost USDW 

Monitoring Well 

552080 1799966 600 

 



Plan revision number: 1.0 

Plan revision date: July 4, 2022 

Attachment 7: Testing and Monitoring Plan; Hoosier #1 Project 

Permit Number: Not Yet Assigned Page 12 of 44 

 

Figure 1: Time-lapse CO2 plume development map over 3, 12, 20, and 30 years of injection as well as 10- and 50-years 

post injection. Note the relative stability of the CO2 plume radius after injection operations cease. 
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Figure 2: CO2 plume after 30-years of injection and 10-years post injection. Contour intervals indicate  

the volume of CO2 contained within the contour bounds. Project AoR is indicated by the blue circle. 
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Figure 3: A-A Cross-section of the CO2 plume after 30 years of injection and 10 years post injection  

through CCS1 and OBS1. Well total depths (TDs) are annotated for each well. 

 

1.4 Summary of Testing and Monitoring Plan Components 

Operational monitoring serves to ensure all procedures and processes associated with the project 

are safe and well integrity is maintained. Continuously recorded data that will monitor the 

response of the injection zone includes: 

• Injection rate and volume, 

• Wellhead injection pressure,  

• Injection well annulus pressure and fluid volume, and 

• Mt. Simon Sandstone pressure and temperature. 

The verification monitoring will provide data that will be used to evaluate the vertical and 

horizontal CO2 plume development over time and identify any potential CO2 migration beyond 

the confining zone. The primary components of the CO2 plume monitoring consist of PNL in the 

project wells and time-lapse three-dimensional (3D) surface seismic monitoring. The pressure 

plume development will be monitored with downhole pressure sensors in CCS1 and OBS1 as 

well as continuous microseismic monitoring. 
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The assurance monitoring component of the program will monitor the shallow groundwater 

aquifers for any indications that injection zone fluids have migrated into the near surface. Fluid 

samples will be taken from shallow groundwater aquifers on a regular basis to analyze the 

aqueous geochemistry and stable isotopes.  

One of the primary goals of the testing and monitoring plan is to continue to demonstrate the 

activities of this project are safe for the health of the public and environment. In order to help 

facilitate this demonstration, the Quality Assurance and Surveillance Plan (QASP) has been 

developed to ensure the quality of the demonstration methods meet the requirements of the EPA 

Underground Injection Control (UIC) Program for Class VI wells.  

Table 4 shows a summary of the activities, monitoring points, and purpose of each activity in the 

Testing and Monitoring Plan. The activities are discussed on more detail in sections that follow 

the table in this document. 
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Table 4: Summary of Testing and Monitoring Activities 
Activity Location(s) Purpose 

CO2 stream analysis 

CO2 stream analysis – 

downstream 

CO2 Delivery Pipeline Monitor injectate quality and 

composition 

Continuous Recording 

Injection rate CCS1 Wellhead Monitoring injection rate 

Injection volume CCS1 Wellhead Calculated injection volume 

Injection pressure CCS1 Wellhead Monitoring injection pressure 

Wellhead pressure ACZ1 Wellhead  

Annular pressure 
CCS1 Wellhead 

OBS1 Wellhead 
Monitoring annulus pressure 

Downhole pressure 
CCS1 Injection Interval 

OBS1 Injection Interval 
Monitoring injection zone 

Downhole temperature CCS1 Wellbore 
Monitoring injection zone,  

wellbore integrity 

Microseismic 

monitoring 

Various Monitoring Stations Injection zone and confining zone 

integrity 

Well Integrity 

Corrosion monitoring 
CO2 Delivery Pipeline 

CCS1 Wellhead 
Monitoring injectate, wellbore integrity 

Annular fluid volume 
CCS1 Wellhead 

OBS1 Wellhead 

Monitoring annulus fluid volume 

changes 

Mechanical integrity 

(internal) 

CCS1 Wellhead 

OBS1 Wellhead 
Wellbore integrity 

Mechanical integrity 

(external) 

CCS1 Wellbore 

OBS1 Wellbore (temp log only) 
Wellbore integrity 

Cement Evaluation 

CCS1 Wellbore 

OBS1 Wellbore 

ACZ1 Wellbore 

Wellbore integrity 

Plume Tracking 

PNL 
CCS1 Wellbore 

OBS1 Wellbore 

CO2 saturation, vertical plume 

development 

Downhole pressure 

OBS1 - Injection Interval 

CCS1 – Injection Interval 

Monitoring injection zone pressure, 

plume monitoring, confining zone 

integrity 

Microseismic 

Monitoring 
Minimum of 5 stations TBD 

Injection zone and confining layer 

integrity 
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Activity Location(s) Purpose 

Time-lapse 3D 

Seismic Data  

Area sufficient to image  

an 8.97 mi2 plume 

Indirect measurement of plume 

development and overburden 

Fluid Sampling 

Shallow Ground 

Water Sampling 

(Glacial Drift) 

12 wells spatially distributed 

throughout the AoR 

Detection of changes in groundwater 

quality for the shallow USDWs. 

Lowermost USDW 

Sampling 

(Maquoketa Shale) 

USDW1 

Detection of changes in the groundwater 

quality in the lowermost USDW.  

Above Confining 

Zone Sampling 

(Knox Formation) 

ACZ1 

Detection of changes in groundwater 

quality above the confining zone.  

Injection Zone 

Monitoring 

(Mt. Simon 

Sandstone) 

OBS1 

Detection of changes in groundwater 

quality, geochemistry, and CO2 

saturation in the injection internal.  

 

1.4.1 CO2 Stream Analysis and Corrosion Monitoring 

The chemical composition of the CO2 stream will be monitored downstream of the final 

compression unit and upstream of CCS1 (40 CFR 146.90 (a)). Corrosion coupons composed of 

the same material as the well components and CO2-delivery pipeline will be placed in the 

delivery pipeline and analyzed on a quarterly basis for signs of corrosion and loss of mass that 

may be indicative of future potential well integrity issues (40 CFR 146.90 (c)).  If signs of 

corrosion are identified in the coupons, this may trigger further well integrity testing (Section 

6.2). 

1.4.2 Injection Well Monitoring 

Injection operations will be monitored through a range of continuous, daily, and quarterly 

techniques as detailed in the (Attachment 6: Well Operations, 2022).   

Continuous recording devices will monitor wellhead injection pressure, temperature, and mass 

flow rate (40 CFR 146.90 (b)). The injection mass flowrate will be directly measured at the 

surface in order to calculate the cumulative mass of injected CO2 and ensure compliance with the 

permit injection limits.  The storage formation injection volume will be calculated using the mass 

flowrate combined with the pressure and temperature conditions in the injection zone. The 

calculated injection volumes will, in turn, be used to update the computational models at regular 

intervals throughout the injection phase of the project (Attachment 2: AoR and Corrective 

Action, 2022).  

The annular pressure between the tubing and the injection casing strings as well as the annular 

fluid volumes will also be monitored on a continuous basis (40 CFR 146.90 (b)).  These data will 

be linked into a supervisory control and data acquisition (SCADA) system to record the 

operations data, control injection rates, or initiate system shutdown, if needed.  The SCADA 
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system can also be used to adjust the volume of annular fluid, and thereby pressure, in the 

annular space to meet the operational and regulatory objectives.   

1.4.3 Mechanical Integrity Testing 

In addition to the annular pressure and fluid volume monitoring, the well integrity of CCS1 and 

the observation well (OBS1) will be monitored using a range of internal and external mechanical 

integrity evaluation methods. The same methods of mechanical integrity testing (MIT) will be 

performed on each well.  

1.4.3.1 Internal Mechanical Integrity Testing 

The regulatory standard for Part I MIT is performing an annular pressure test (APT). This test 

will be run to regulatory standards after the well completion to confirm internal integrity as per 

the (Attachment 6: Well Operations, 2022; Attachment 5: Pre-Op Testing Program, 2022). 

Further details on the APT standards and methods of performing it are provided in a later section 

in this document.  

1.4.3.2 External Mechanical Integrity Testing 

The external mechanical integrity of the wells will be confirmed through annual temperature and 

PNL. These logs will be compared back to baseline logs to identify any unexpected deviations 

that could indicate CO2 flow or accumulations behind the casing above the injection zone (40 

CFR 146.90 (e)). 

Further details on these logs and the methods of performing them will be provided in a later 

section in this document.  

1.4.4 Pressure and Temperature Monitoring 

The bottomhole pressure and temperature will be measured continuously in the OBS1 well. 

These gauges will continuously record these data and transmit them to surface.  

OBS1 will be located within the area of the predicted 30-year CO2 plume radius; the CO2 plume 

is expected to intersect the well within the first three years of injection (Figure 3). This well will 

allow for pressure and temperature monitoring as well as periodic fluid sampling in the Mt. 

Simon Sandstone. The variations in the pressure and temperature data will be used to calibrate 

and verify the computational modeling through the pre-operational, injection, and PISC phases 

of the project (40 CFR 146.90 (g)).  

1.4.5 Plume Monitoring 

A pressure fall-off test (FOT) will be conducted in the Mt. Simon Sandstone in CCS1 after it is 

drilled to establish the hydrogeologic characteristics of the injection zone (Attachment 5: Pre-Op 

Testing Program, 2022). During the injection phase of the project, a FOT will be conducted in 

CCS1 at least once every five years unless increases in injection pressure indicate a need for a 

FOT sooner (40 CFR 146.90 (f)). The formation characteristics obtained through the FOT will be 

compared to the results from previous tests to identify any changes over time, and they will be 

used to calibrate the computational models. 

OBS1 will be used to monitor pressure, temperature, and to collect fluid samples from the 

injection zone to monitor for changes in the aqueous geochemistry of the formation. It will also 

be used to verify when the leading edge of the CO2 plume reaches the observation well.  
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PNL will be run in the CCS1 and OBS1 to monitor CO2 saturations and vertical plume 

development adjacent to the wellbores. This logging can also be used to identify accumulations 

of CO2 above the confining zone should there be leakage along the wellbore. Once the near 

wellbore region of CCS1 becomes fully saturated with CO2, routine logging of the injection 

interval will be suspended but will continue through the ACZ monitoring interval. At this point, 

logging will occur in OBS1 to monitor CO2 plume development away from CCS1.  

Both the pressure and log data will be used to calibrate and verify the computational modeling 

over the injection and PISC phases of the project. 

Beyond the direct measurement techniques that the project will deploy, time-lapse 3D surface 

seismic data and microseismic monitoring will be used to monitor the development of the CO2 

plume and the associated pressure front through the injection and PISC phases (40 CFR 146.90 

(g)).  

High resolution time-lapse 3D surface seismic data will be used to qualitatively monitor the CO2 

plume development and calibrate the computational modeling results over time. The time-lapse 

3D surface seismic data will also be used to verify CO2 containment within the injection zone, as 

any CO2 accumulations in the overburden would result in seismic anomalies that would differ 

from the baseline seismic data. Source and received spacing and line intervals, and the resulting 

trace density will be designed to deliver full offset, full azimuth baseline data of sufficient 

resolution to image the target horizons. The microseismic monitoring will be used to monitor for 

any induced seismic events within an 8 mi radius of CCS1 in the confining layer that might 

indicate potential impacts to containment. 

1.4.6 Shallow Groundwater Sampling and Monitoring 

The shallow groundwater monitoring program will used twelve shallow groundwater wells 

spatially distributed within the AoR in near surface groundwater aquifers, and one dedicated 

groundwater monitoring well that will be drilled into the lowermost USDW (40 CFR 146.90 (d)). 

It is expected that the deepest USDW will be at 450 ft below ground surface (BGS) based on 

nearby well data and reports from the Indiana Department of Natural Resources (Attachment 1: 

Narrative, 2022). The deepest USDW will be verified when USW1 is drilled as per the 

(Attachment 5: Pre-Op Testing Program, 2022). 

Baseline groundwater samples will be acquired from these wells to help characterize the 

variations in water quality within the AoR prior to the start of CO2 injection. In addition to the 

standard analytes, the groundwater samples will also have their aqueous geochemistry and stable 

isotopes analyzed.   

Throughout the injection and PISC phases of the project, the results of the aqueous geochemistry 

and stable isotope analyses will be compared to the baseline conditions for any indication of CO2 

or brine migration into the shallow groundwater aquifers.  If indications of CO2 or brine are 

found in the shallow groundwater aquifer, it will trigger the emergency response actions found in 

the Emergency and Remedial Response Plan (Attachment 10: ERRP, 2022). 

1.4.7 Deep Groundwater Sampling and Monitoring 

One deep groundwater well (ACZ1) will be drilled into to a deep saline formation above the 

confining zone for the project. It is expected that this will be below the Knox Formation 

unconformity based on regional geology; however, a final determination will be made after the 
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first deep well for the project has been drilled. The ACZ1 well will be in close proximity to 

CCS1 to monitor a deep saline formation immediately above the confining layer assuming that 

fluid migration from the injection zone is most likely to occur along a wellbore. 

ACZ1 will be used to take fluid samples and monitor pressure changes in the selected saline 

formation (40 CFR 146.90 (d)). Injection zone fluid migration past the confining layer and into 

the ACZ monitoring zone will most likely be identified through pressure changes in the 

formation. Pressure will be monitored at the wellhead.  

1.4.8 Microseismic Monitoring 

The project site is located in an area with low rates of natural seismic activity and risk 

(Attachment 1: Narrative, 2022). It is not expected that natural seismicity will affect the project. 

The Illinois Basin – Decatur Project (IBDP) injected CO2 into the basal section of the Mt. Simon 

Sandstone, and generated microseismic events throughout the injection phase of the project 

despite injecting CO2 below fracture pressure (Bauer, 2016).  This project plans to inject above 

the basal section of the Mt. Simon Sandstone and will monitor related microseismic activity to 

assist in managing project risks (Attachment 10: ERRP, 2022; Attachment 12: Risk Register, 

2022).   

The microseismic monitoring will be used to accurately determine the locations and magnitudes 

of injection-induced seismic events with the primary goals of: 

• Addressing public and stakeholder concerns related to induced seismicity, 

• Monitoring the spatial extent of the pressure front from the distribution of  

microseiseismic events within an 8 mi radius of CCS, 

• Identifying activity that may indicate failure of the confining zone and possible 

containment loss. 

A surface-based microseismic monitoring array will be designed with microseismic monitoring 

stations at a range of azimuths to optimize the accuracy of the event locations and magnitudes.  

This network can easily be expanded in response to monitoring results or future AoR re-

evaluations, if necessary. 

1.4.9 General Testing and Monitoring Activity Frequency 

Table 5 presents the general schedule and spatial extent for the monitoring activities in the 

baseline and injection phases of the project based on the current understanding of the site.  Refer 

to the (Attachment 9: Post-Injection Site Care, 2022) for discussion of the PISC monitoring 

plans.   

The depth of investigation ranges will be updated once the data from CCS1 has been analyzed 

and the static model has been updated.   

Changes to the monitoring schedule may occur over time as the project evolves.  Any such 

changes to the testing and monitoring plan or the PISC will be made in consultation with the UIC 

Program Director (40 CFR 146.90 (j)).   
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Table 5: General schedule and spatial extent for the testing and monitoring activities for the Hoosier #1 Project 

Monitoring Activity 
Baseline Data 

Frequency 

Injection 

Phase 

Frequency* 

Location 
Depth Range  

(MD ft)** 

Groundwater Monitoring 

Groundwater Sampling 

At least one 

year prior to 

injection 

Quarterly 

Biannual 

(twice/yr) 

USDW1 

OBS1 

ACZ1 

12 stations 

TBD 

Varying 

Isotope Analysis 
Biannual 

(twice/yr) 
Annually 

USDW1 

OBS1 

ACZ1 

Varying 

Injection Well Monitoring 

Injection Pressure NA 
Continuous 

Continuous 

CCS1 

CCS1 

Surface 

Above Packer 

Injection Temperature NA Continuous CCS1 
Surface  

Above Packer 

Injection Rate NA Continuous CCS1 Surface 

Injection Volume (Calculated) NA Continuous CCS1 Injection Zone 

Annular Pressure NA Continuous CCS1 Surface 

Annular Fluid Volume NA Daily CCS1 Surface 

Mechanical Integrity Testing 

MIT (Part I) 
Once 

Once 

Annually 

Annually 

CCS1 

OBS1 

Surface 

Surface 

FOT Once Every 5 years CCS1 TBD 

MIT (Part II) 
Once 

Once 

Annually 

Annually 

CCS1 

OBS1 (temp 

log only) 

TBD 

 

TBD 

Emergency Shut-down System 

Test 
NA Annually CCS1 Surface 

Pressure Monitoring 

Annular Pressure NA Daily 
CCS1 

OBS1 

Surface 

Surface 

Wellhead Pressure NA Continuous ACZ1 Surface 

Downhole Pressure NA Continuous CCS1 TBD 
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Monitoring Activity 
Baseline Data 

Frequency 

Injection 

Phase 

Frequency* 

Location 
Depth Range  

(MD ft)** 

OBS1 TBD 

CO2 Stream Analysis 

CO2 Stream Analysis Once Quarterly 
CO2 Delivery 

Pipeline 
Surface 

Corrosion Coupon Analysis NA Quarterly Surface Surface 

Plume Verification Monitoring 

Pressure – Temperature 

Sensors 

3 months prior 

to injection 

Continuous 

 

Continuous 

 

 

Continuous 

 

Continuous 

 

 

CCS1 

 

OBS1*** 

 

 

Above Packer (TBD) 

 

Injection Zone (TBD) 

PNL 
Once 

Once 

Annually 

Annually 

CCS1  

OBS1 

ACZ Monitoring 

Interval, Confining 

Zone, Injection Zone 

Microseismic Monitoring 
6 months prior 

to injection 
Continuous 

Minimum 5 

Surface 

Stations 

Confining Layer, 

Injection Zone, 

Precambrian Basement 

Time-lapse 3D Surface 

Seismic Data 
Once Every 5 years 

Area 

sufficient to 

image an 

8.97 mi2 

plume 

Imaging of CO2 plume 

and overburden 

*Minimum frequency 

** To be confirmed after well is drilled 

***Temperature data will not be collected 

 

1.5 Quality Assurance Procedures 

Data quality assurance and surveillance protocols adopted by the project have been designed to 

facilitate compliance with the requirements specified in 40 CFR 146.90 (k). Quality Assurance 

(QA) requirements for direct measurements within the injection zone, above the confining zone, 

and within the shallow USDW aquifer are described in (Attachment 11: QASP, 2022). These 

measurements will be performed based on best industry practices and the QA protocols 

recommended by the service contractors selected to perform the work.  

1.6 Reporting Procedures 

Cardinal Ethanol will report the results of all testing and monitoring activities to the EPA in 

compliance with the requirements under 40 CFR 146.91.  Reports will be submitted every 6 

months commencing from the date CO2 injection operations commence. 
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2 Carbon Dioxide Stream Analysis (40 CFR 146.90 (a)) 

The project will analyze the CO2 stream during the injection phase of the project to provide data 

representative of its chemical characteristics and to meet the requirements of 40 CFR 146.90 (a). 

This section describes the measurements and sampling methodologies that will be used to 

monitor the chemical characteristics of the CO2 injection stream. Additional details on technical 

standards, QA/QC policy, sample collection and storage policies, and analytical methods are 

provided in the QASP.  

 

2.1 Sampling Location and Frequency 

Prior to the start of the injection phase, the CO2 stream will be sampled for analysis during 

regular plant operations in order to obtain representative CO2 samples that will serve as a 

baseline dataset.  Once the injection phase commences, samples of the CO2 injection stream will 

be regularly collected from the CO2 delivery pipeline for analysis.   

Based on the nature of the ethanol fermentation process, the CO2 stream produced is anticipated 

to be of high purity. Even so, after fermentation, the CO2 stream will pass through scrubbers and 

filtration units prior to entering the compressor and the pipeline.  

It is anticipated that quarterly sampling of the CO2 injection stream will be sufficient to 

accurately track the composition of the stream.  The regular samples will be taken on quarterly 

intervals.   

Section 4.5 of the QASP document details the quality control mechanisms and activities to be 

performed should there be a statistically significant variance in an analyte measurement.  

2.2 Analytical Parameters 

Samples of the injection stream will be collected for chemical analysis to provide data 

representative of its characteristics.  Based on data from historic sampling of the off-gas stream 

from the ethanol plant, the samples will be analyzed for CO2 purity, total hydrocarbons as 

methane carbon monoxide (CO), nitrogen oxides (NOx), nitrogen (N2), oxygen (O2), methane, 

hydrogen sulfide (H2S), sulphur dioxide (SO2), acetaldehyde (AA), and ethanol.  

Baseline samples of the “injection stream” will be collected prior to the start of injection and the 

species included for analysis may be expanded depending on the results of those analyses.  Gas 

concentration analyses will be done by a contracted third-party lab.  The lab will specialize in 

gas analyses and routinely perform specialized analyses on CO2 for industrial clients. Samples of 

the CO2 stream will be collected on a quarterly basis for chemical analysis. 

2.3 Sampling Method – CO2 Injection Stream Gases 

Gas samples of the CO2 stream will be obtained to analyze the components present in the 

injection stream.  Samples of the CO2 stream will be collected at a location in the system where 

the material is representative of the material injected (i.e., between the compression system and 

CCS1), using a ¼-inch sampling port in the flowline. Fittings will be consistent with those used 

by the contracted third-party laboratory who will be performing the analysis will be used.  
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The CO2 stream will flow from the pipeline through an open ball valve, through a pressure 

reducer (regulator), and into the cylinder. The pressure regulator will reduce the pressure of the 

CO2 stream to approximately 250 pound-force per square inch (psi) to ensure the CO2 is in a 

gaseous state rather than a super-critical liquid.  

Figure 4 provides an example of the sampling procedures used by Atlantic Analytical Company. 

Cylinders will be purged with sample gas (i.e., CO2) at least five times prior to sample collection 

to remove laboratory-added helium gas and ensure a representative sample. The QASP 

(Attachment 11: QASP, 2022) contains more information on sampling methods. 

 

Figure 4: Atlantic Analytical Laboratory gas sampling instruction sheet (Atlantic Analytical Laboratory, 2022) 
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2.4 Laboratory to be Used/Chain of Custody and Analysis Procedures 

A contracted third-party laboratory will analyze the CO2 stream samples. The lab will specialize 

in gas analyses and routinely perform specialized analyses on CO2 for industrial clients.  The 

contracted laboratory will follow standard sample handling and chain-of custody guidance (EPA 

540-R-09-03, or equivalent). 

The relevant QASP sections detail the following (Attachment 11: QASP, 2022): 

• Sections B.2.f: Laboratory to be used and quality 

• Sections B.2.e: Chain of custody 

• Sections A.4.a: Analysis procedures 

3 Continuous Recording of Operational Parameters  

The project will install and use continuous recording devices to monitor injection pressure; 

injection rate (and volume [calculated]); the pressure on the annulus; the annulus fluid volume 

added; and the temperature of the CO2 stream, as required at 40 CFR 146.88 (e)(1), 146.89 (b), 

and 146.90 (b). The details are described in the following sections. 

3.1 Monitoring Location and Frequency 

The project will perform the activities identified in Table 6 to monitor operational parameters 

and verify internal mechanical integrity of CCS1. All monitoring will take place at the locations 

and frequencies shown in Table 6. All of the data recorded on a continuous basis will be 

connected to the main facility through a SCADA system. 

Table 6:Sampling devices, locations, and frequencies for continuous monitoring. 

Parameter Device(s) Location 
Min. Sampling 

Frequency 

Min. Recording 

Frequency 

Wellhead Injection 

Pressure  
Pressure Gauge Wellhead  Every 10 sec. Every 10 sec. 

Formation Injection 

Pressure  
Pressure Gauge 

Downhole 

Gauge 
Every 10 sec. Every 10 sec. 

Wellhead Injection 

Temperature  
Thermocouple Wellhead Every 10 sec Every 10 sec. 

Formation Temperature Temperature Sensor 
Above Packer 

Depth TBD 
Every 10 sec. Every 10 sec. 

Injection rate  Coriolis Meter 
Wellhead 

Booster Pump 

Every 10 sec. 

Every 10 sec. 

Every 10 sec. 

Every 10 sec. 

Annular pressure Pressure Gauge Wellhead Every 10 sec Every 10 sec. 

Annulus fluid volume Volume Wellhead Every 1 min. Every 1 min 

See Notes next page also: 

• Sampling frequency refers to how often the monitoring device obtains data from the well for a particular parameter. For 

example, a recording device might sample a pressure transducer monitoring injection pressure once every two seconds and 

save this value in memory. 

• Recording frequency refers to how often the sampled information gets recorded to digital format (such as a computer hard 

drive). For example, the data from the injection pressure transducer might be recorded to a hard drive once every minute. 
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Note that all calibration standards, methods of conformance, precision, and tolerance parameters 

are provided for the devices listed in the QASP (Attachment 11: QASP, 2022).  

3.2 Monitoring Details 

3.2.1 Continuous Recording of Injection Pressure  

The CO2 injection pressure will be monitored on a continuous basis at the wellhead to ensure that 

injection pressures do not exceed the calculated maximum allowable injection pressure (MAIP), 

determined, in part, by using 90% of the fracture pressure of the injection zone per 40 CFR 

146.88 (a). If the injection pressure exceeds 90% of the injection zone fracture pressure at any 

point, then the injection process will be automatically shutdown per the Well Operations Plan 

(Attachment 6: Well Operations, 2022).   

Based on current information, 90% fracture pressure gradient is expected to be 0.75 psi/ft that 

results in a maximum allowable bottomhole flowing pressure (BHFP) of 2,369 psi at a depth of 

3,159 feet, which is the projected top of the Mt. Simon Sandstone (Attachment 2: AoR and 

Corrective Action, 2022). This will be re-assessed with the data collected during the Pre-

Operational Testing Program (Attachment 5: Pre-Op Testing Program, 2022). 

The BHFP has been calculated as approximately 2,050 psi during the first year of normal 

operations; however, itis anticipated to decline to approximately 1,700 psi after five years of 

injection.  

Based on the calculations and detail provided in the Well Operation Program section of this 

application, the MAIP (at surface) is 2,048 psi. Pressure will be continuously monitored by an 

electronic pressure transducer to ensure that the MAIP is not exceeded during injection 

operations. This electronic pressure transducer will feed into the SCADA system.  

As is noted in the Well Operations section, several assumptions have gone into the calculations 

for the MAIP. To assist with the proper hydrostatic gradient evaluations, permanent downhole 

gauges will be used. The data gathered from this sensor will help to calibrate the surface pressure 

readings. The current plan is to use these gauges for calibration purposes until sufficient 

hydrostatic data has been collected. It is noted that these gauges are not considered to be a part of 

the routine testing and monitoring program, but for gradient calibration and model/simulation 

verification to be used as part of the testing and monitoring program.  

Any anomalies outside of the normal operating specifications may indicate that an issue has 

occurred within the well, such as a loss of mechanical integrity or blockage in the tubing or may 

be caused by a change in injection flowrate. Anomalous pressure measurements would trigger 

the need for further investigation of the cause of the change (40 CFR 146.89 (b)). The wellhead 

and downhole injection pressures will also be used to calibrate the computational modeling 

throughout the injection phase and PISC phases of the project.   

3.2.2 Continuous Recording of Injection Mass Flow Rate  

The mass flow rate of CO2 injected into the well will be measured by a mass flow meter. This 

flow meter will be placed in the CO2 delivery line near the well. A second mass flow meter will 

be located in the CO2 delivery line just downstream of the final compressor, and the two flow 

meters will be used together to monitor leakage in the delivery line between the compressor and 

the well.   
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The meters will have an analog output. The flow meters will be connected to the SCADA system 

for continuous monitoring and control of the CO2 injection rate into the well.  Using two flow 

meters will allow confirmation of accurate flow measurements. The mass flow meters will be 

calibrated at the frequency recommended by the manufacturer.   

3.2.3 Injection Volume 

The injection volume into the reservoir will be calculated on a continuous basis based on the 

injection mass and the pressure and temperature conditions in the storage formation.  The 

volume that is calculated will be used in the computational models to determine storage 

formation capacity and flow. 

3.2.4 Continuous Recording of Annular Pressure 

As discussed in the Well Operations Plan, the pressure on the annulus between the injection 

tubing and the long-string casing will be measured by an electronic pressure transducer with 

analog output that is mounted on the wing valve/annular fluid line connected to the wellhead of 

CCS1 (Attachment 6: Well Operations, 2022).  The transmitter will be connected to the well 

control system and the SCADA system to regulate the annular pressure.  

Annular pressures are expected to vary during normal operations due to atmospheric and CO2 

stream temperature fluctuations; however, the well control system will be designed to maintain 

the annular pressure between -5 and 1,500 psi (Attachment 6: Well Operations, 2022).  

In particular, the annular pressure is expected to fluctuate during start-up and shut-in operations 

as the tubing naturally expands and contracts in response pressure and temperature changes 

related to CO2 flow, or lack thereof, in the tubing. Sudden changes in the annular pressure during 

routine injection operations are a sign of potential tubing or tubing packer integrity issues that 

will trigger further investigation through mechanical integrity testing.   

3.2.5 Continuous Recording of Annulus Fluid Volume 

As discussed in the Well Operations Plan, the volume of the annulus fluid between the injection 

tubing and the long-string casing will be measured using the accumulator levels and the brine 

reservoir level on the well control system (Attachment 6: Well Operations, 2022).  The 

accumulator and brine reservoir levels will be measured using a level transmitter. The 

transmitters will be connected to the well control system and to the SCADA system.  

Similar to the annular pressure, the annular fluid volume is expected to fluctuate as atmospheric 

and injection stream temperatures change.  These changes are expected to be most dramatic 

during start-up and shut down operations.  A significant change in the fluid volume in the 

accumulator or brine reservoir (i.e., fluid is being pumped from the reservoir to the annulus or 

fluid being pushed out of the annular space) during routine injection operations may be an 

indication of well integrity problems, as the fluid volumes would normally remain relatively 

constant, and will require further investigation.  

3.2.6 Continuous Recording of CO2 Stream Temperature 

The temperature of the CO2 injection stream will be continuously measured by an electronic 

thermocouple. The thermocouple will be mounted in a temperature probe in the CO2 line at a 

location close to the pressure transmitter near the wellhead. The transmitter will be electronically 

connected to the SCADA system.  
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3.2.7 Bottomhole Pressure and Temperature  

Bottomhole pressure and temperature will be monitored prior to and during the injection phase of 

the project.  These data will be used to assist with the calibration of the wellhead pressure 

measurements to determine the response of the formation to the injected CO2.    

The downhole pressure gauge will be set at the bottom of the injection string, just above the 

packer, at approximately 3,160 ft and will be programmed to continuously record the pressure 

and transmit it to surface.   

After the wellhead/ injection zone pressure relationship has been defined, the wellhead pressure 

measurement will be the point of compliance for maintaining injection pressure below 90% of 

formation fracture pressure as per 40 CFR 146.88 (a). The downhole pressure and temperature 

data will also be used to calibrate the computational models.  

4 Corrosion Monitoring (40 CFR 146.90 (c)) 

To meet the requirements of 40 CFR 146.90 (c), the project will monitor well materials and 

components during the operational period for loss of mass, thickness, cracking, pitting, and other 

signs of corrosion to ensure that the well components meet the minimum standards for material 

strength and performance (Table 7). This section discusses the measures that will be taken to 

monitor the corrosion of well materials used in the casing and tubing.  For Class VI injection 

wells, corrosion monitoring of the well materials is required on a quarterly basis (40 CFR 146.90 

(c)). 

4.1 Monitoring Location and Frequency 

The corrosion coupons will be retrieved and analyzed every three months after the date that 

injection commences.  Once injection operations have stabilized, it is not expected that there will 

be large fluctuations in injection volumes, so there are no plans to monitor the coupons based on 

injection volumes. If the coupons show evidence of corrosion, CCS1 can be assessed for signs of 

corrosion using commercially available logging or other inspection tools.  

4.2 Sample Description 

The coupons will be made from the same materials as the long string casing and tubing (Table 

7).  Prior to placement of the corrosion coupons in the CO2 stream, they will be weighed and 

measured for thickness, width, and length as a baseline measurement.   

Table 7: List of equipment coupon with material of construction.  

Equipment Coupon Material of Construction 

Long String Casing  13Cr80 Steel Alloy and Standard Carbon Steel 

Injection String 
Standard Carbon Steel with TK-15XT Coating 

(Tuboscope) 

Pipeline  Stainless Steel 

Wellhead  Xylan coated iron 

Packer Nickel coated steel, nitrile 
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4.3 Monitoring Details 

Corrosion monitoring of well materials will be conducted using coupons placed in the CO2 

pipeline (Figure 5). The coupons will be made of the same materials that are listed in the table 

above. An example of one such coupon is provided in Figure 6.  The coupons will be removed 

quarterly and assessed for corrosion using American Society for Testing and Materials (ASTM) 

G1-03: Standard Practice for Preparing, Cleaning, and Evaluating Corrosion Test Specimens 

(ASTM, 2017).  This method measures the corrosivity of steel to both aqueous and non-aqueous 

liquid wastes.   

Upon removal, coupons will be inspected visually for evidence of corrosion, which may include 

pitting, cracking, and loss of mass or thickness.  The weight and size (thickness, width, length) of 

the coupons will also be measured and recorded each time they are removed and compared to the 

baseline measurements.  Corrosion rate will be calculated as the weight loss during the exposure 

period divided by the duration (i.e., weight loss method).   

If the coupons show evidence of corrosion, CCS1 can be assessed for signs of corrosion using 

commercially available logging or other inspection tools. The frequency of running these 

inspection logs will be contingent on the corrosion data from the coupon monitoring program.  

 

Figure 5: Corrosion coupon illustration in pipeline (Cosasco, 2022) 
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Figure 6: Type of corrosion coupons to be used for corrosion monitoring (Cosasco, 2021) 
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5 Above Confining Zone Monitoring (40 CFR 146.90 (d))  

The project will monitor groundwater quality and geochemical conditions above the confining 

zone during the operational period to meet the requirements of 40 CFR 146.90 (d). 

5.1 Monitoring Location and Frequency 

Table 8 shows the proposed deep ACZ monitoring zone, lowermost USDW, and shallow 

groundwater monitoring methods, depths, and frequencies. The project will aim to acquire a 

minimum of one year of shallow groundwater data before injection operations begin. It is 

anticipated that USDW1 and ACZ1 will be drilled in Q1 2024. Fluid samples will be taken for 

analysis from these wells twice prior to the start of injection operations. 

Table 8: Schedule for monitoring of pressure, aqueous geochemistry, and stable isotope analysis for the ACZ, USDW1, 

and shallow groundwater monitoring wells during the pre-operational and injection phases of the project  

 

Given the thick and continuous nature of the Mt. Simon Sandstone, the highest risk of CO2 or 

brine migration out of the injection zone is along the CCS1 and OBS1 wellbores that will 

penetrate the Eau Claire Formation. As such, ACZ1 will be drilled near CCS1 to help monitor 

for any CO2 leakage or brine migration into the ACZ monitoring zone. As discussed in Section 

2.4.7, the deepest ACZ saline formation is expected to be identified in the Knox Formation when 

the first well is drilled. Fluids from the deepest ACZ saline formation will be sampled twice prior 

to the start of CO2 injection to characterize any natural variability in the fluids in the formation 

(Table 8). 

Migration of CO2 or brine into the ACZ saline formation will likely first be identified through 

pressure changes in the formation. An increasing pressure trend in the ACZ monitoring zone 

would suggest that leakage across the confining zone has occurred. While any increasing trend in 

pressure will be evaluated, an increase in pressure that deviates more than 5% above baseline 

values will warrant additional monitoring and inspections to rule out the possibility of fluid 

leakage out of the injection zone. Such a change in pressure would initiate more frequent fluid 

sampling and analysis for aqueous geochemistry from the ACZ monitoring zone as well as 

Designated Well(s) Target 

Formation 

Monitoring  

Activity 

Baseline 

Frequency 

(Minimum) Injection 

Phase Frequency 

Existing Wells 

TBD 

Shallow 

Groundwater 

Wells 

Aqueous 

Geochemistry 
Quarterly Biannual*  

Stable Isotopes Biannual* If required 

USDW1 
Lowermost 

USDW 

Aqueous 

Geochemistry 
Biannual* Biannual* 

Stable Isotopes Biannual* Biannual* 

ACZ1 

Knox Formation 

(TBD) 

 

Wellhead 

Pressure Continuous 
Continuous  

(Every hour) 

Aqueous 

Geochemistry 
Biannual* Biannual* 

Stable Isotopes Biannual* Biannual* 

*twice per year 
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additional external well integrity investigations in the CCS1 or OBS1. Pressures in the ACZ 

monitoring interval will be monitored at the wellhead. 

The lowermost USDW is expected to be located at a depth of approximately 450 ft (BGS) based 

on local well data (Attachment 1: Narrative, 2022). USDW1 will be drilled relatively close to 

CCS1 to be able to properly monitor the fluids in the lowermost USDW. 

Figure 7 shows the distribution of the groundwater wells within the AoR including the proposed 

location of USDW1. The shallow groundwater monitoring program will include approximately 

twelve existing groundwater wells that will be spatially distributed within the AoR (40 CFR 

146.90 (d)). Baseline shallow groundwater samples will be collected from existing shallow 

groundwater wells within the AoR on a quarterly schedule starting in the third or fourth quarter 

of 2022 in order to characterize the seasonal variations in groundwater quality within the AoR 

(Table 8).  

 

 

Figure 7: Shallow groundwater wells within the AoR annotated in blue. Oil and gas wells that have been converted to 

water wells have been highlighted. 

  

Water wells

O&G well converted to 
water well
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The accumulation of CO2 or brine in an overlying aquifer will likely result in changes to the 

following parameters: 

• Aqueous geochemistry parameters such as pH and alkalinity   

• Reaction of cements, mineral surface coatings, and clay particles with the CO2 will 

liberate cations and anions into the aqueous phase  

• Carbon isotopes can be used to differentiate between existing CO2 sources within the 

AoR and the injected CO2 

If anomalous changes in the aqueous geochemistry are observed in the ACZ monitoring interval 

or the lowermost USDW, new samples will be obtained from the affected formation to verify the 

changes. The frequency with which fluid samples are obtained from each of the zones for 

analysis will also be increased.   

If the injected CO2 has a unique isotopic signature from the existing isotopes in the ACZ 

monitoring interval or the lowermost USDW, a new round of samples will be collected for 

isotopic analysis from the affected formation. Anomalous changes may also trigger the need for 

additional well integrity testing in both CCS1 and OBS1 to ensure that no well integrity issues 

have developed since the last set of external mechanical integrity tests (Section 6.2). Stable 

isotopes from the shallow groundwater samples will only be analyzed if anomalies are found in 

the ACZ monitoring interval or lowermost USDW. 

A combination of anomalous pressure, geochemical, and well integrity testing results may result 

in the decision to acquire a time-lapse surface seismic survey to determine the size of a potential 

leakage accumulation. Further details on any remedial or emergency response are detailed in the 

ERRP portion of this permit application (Attachment 10: ERRP, 2022).  

5.2 Analytical Parameters 

Table 9 details the full suite of analytes that will be used to establish the baseline conditions from 

OBS1, ACZ1, USDW1, and the shallow groundwater monitoring wells. Once the project has 

established baseline conditions, it may reduce monitoring to a subset of analytes that are most 

likely to change as a result of interactions with CO2; however, no changes would be implemented 

without consultation with the UIC Program Director. During the injection phase of the project, 

fluids from these wells will be sampled biannually to identify any changes to parameters aqueous 

geochemistry or stable isotopes. 
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Table 9: Summary of analytical and field parameters for groundwater samples  

Parameters Analytical Methods(1) 

Cations:  

Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb, Se, Zn, Ti 

Ca, Fe, K, Mg, Na, and Si 

 

ICP(2)-MS(3), EPA Method 6020 

ICP-OES(4), EPA Method 6010B 

Anions:  

Br, Cl, F, NO3, and SO4 

 

Ion Chromatography 

EPA Method 300.0 

Dissolved CO2 Coulometric Titration 

ASTM D513-11 

Stable Isotopes of δ13C  

Dissolved Inorganic Carbon (DIC) 

Isotope Ratio Mass Spectrometry(5) 

Total Dissolved Solids (TDS) Gravimetry 

APHA 2540C 

Water Density (field) Oscillating Body Method 

Alkalinity APHA 2320B 

pH (field) EPA 150.1 

Conductivity/Resistivity (field) APHA 2510 

Temperature (field) Thermocouple 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 

Note 2: Inductivity Coupled Plasma 

Note 3: Mass Spectrometry 

Note 4: Optical Emission Spectrometry 

Note 5: Gas evolution technique by Atekwana and Krishnamurthy (1998), with modifications made by 

Hackley et al. (2007) 

 

Changes in these parameters during the injection phase of the project may provide an indication 

of CO2 or brine movement above the confining layer. While pH and alkalinity may be indicators 

of CO2 migration above the confining zone, the dissolved inorganic carbon analysis would 

provide direct evidence of CO2 migration into these formations. The presence of Carbon-13 or 

stable isotopes of C (in dissolved inorganic carbon) may provide an indication of fluid or CO2 

migration into the ACZ monitoring zone and may also provide information about the origin of 

any migrating fluids.  

The relative benefit of each analytical measurement will be evaluated throughout the design and 

initial injection testing phase of the project to identify the analytes best suited to meeting project 

monitoring objectives under site-specific conditions. If some analytical measurements are shown 

to be of limited use, they will be removed from the analyte list and not carried forward through 

the operational phases of the project. Any modification to the parameter list in   
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Table 9 will be made in consultation with the UIC Program Director.  

Currently, there are no plans to use tracers during operations; however, as the monitoring plan is 

designed to be adaptive as project risks evolve over time and may be re-assessed at a later date. 

5.3 Monitoring and Sampling Methods  

Pressure in the ACZ monitoring zone will be monitored from the wellhead. The gauge will 

record and transmit data the SCADA system once every 10 seconds. The gauge will be installed 

on the wellhead at least three months prior to any injection to ensure that a sufficient baseline is 

established.  

For ACZ fluid sampling, a bailer system will be used to collect the water samples. Prior to 

sample collection the well will be flushed to remove stagnant water from the well and ensure 

representative water is collected from the formation.  The fluid removed from the well will be 

monitored for field parameters that are listed in Table 9.  Once these parameters stabilize, it will 

be an indication that representative formation fluid is in the well at the time the sample is 

collected.   

Preservation/preparation methods, container type, and holding times for the analyte classes are 

presented in the QASP section of this application.     

5.4 Laboratory to be Used/Chain of Custody Procedures 

The geochemical analyses and the isotopic analyses will be performed by contracted third-party 

laboratories that meet the standards and guidelines set forth in the QASP. Samples will be tracked 

using appropriately formatted chain-of-custody forms (Attachment 11: QASP, 2022). 

6 Mechanical Integrity Testing 

6.1 Internal Mechanical Integrity Testing 

Internal (Part I) mechanical integrity testing (MIT) refers to the testing of the integrity of the 

seals within and between the: injection string, the long casing string, the packer, and the 

wellhead.  The quality of these seals can be confirmed with an annulus pressure test (APT) and 

annular pressure monitoring. Both methods will be used during the injection phase of this project 

to monitor and confirm internal mechanical integrity.  Table 10 presents the details for 

conducting the annular pressure MIT and the annular pressure monitoring. 

Table 10: Internal mechanical integrity monitoring details 

Testing/Monitoring Method Frequency 
Location of 

Monitoring 
Parameters Measured 

APT 

After completion or 

workover 

Annually 

CCS1 Wellhead 

OBS1 Wellhead 
Pressure 

Annular Pressure Monitoring Continuous 
CCS1 Wellhead 

OBS1 Wellhead 

Pressure, temperature, 

annular fluid volume 

In addition to performing an APT annually, an APT will be performed after the initial well 

completion. It is noted that the annulus will be filled with a non-corrosive fluid with some 

additives.  
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6.1.1 Annulus Pressure Testing (40 CFR 146.89(a)) 

The APT will be performed annually to exhibit Part I mechanical integrity, or any time a 

component of the internal seals, detailed above, are broken or altered. The test will be performed 

consistent with approved and accepted guidance and regulations. This is consistent with CFR 

146.89 (a). In addition, an APT will be performed following an emergency shut-in due to a high-

high or low-low annulus alarm should the cause of the alarm not be easily correlated to a change 

in temperature.  

The APT will then be performed by pressuring up the annulus after the well has reached 

thermal equilibrium. Once this has occurred, the annulus will be pressured up to 1,500 psi. A 

calibrated digital gauge will be installed on the annulus, and the pressure will be monitored 

for a period no less than 60-minutes.  

The following procedure will be followed for all APTs that will be run.  

1. Ensure well is in thermal equilibrium. Thermal equilibrium will be assumed under the 

following circumstances: 

a. Injection has not occurred for approximately 24 hours, or sufficient data indicates 

the wellbore temperature is static. The scenario constitutes a static APT.  

b. Injection is occurring at a constant rate (±5%), often referred to as a dynamic 

APT.  

2. Install calibrated digital gauge on the casing-tubing annulus. Note initial pressures. 

3. Increase annulus pressure to 1,500 psi. 

a. Ensure to note the fluid level in the system prior to increasing the annulus 

pressure. 

4. Disconnect annulus system and ensure the annulus is isolated.  

5. Monitor the annulus and tubing pressure for a period of one-hour, taking readings every 

10-minutes.  

6. Once the test has concluded, reconnect the annulus system.  

7. Blow the pressure down to the normal operating pressure. 

8. Note the fluid level in the system.  

6.1.2 Annulus Pressure Monitoring 

In addition to the APT, the annular pressure will be continuously monitored throughout the 

operational period in conjunction with the annular pressure monitoring and control system to 

ensure internal mechanical integrity.  Once injection operations commence, injection pressure, 

annular pressure, and annular fluid volumes will be monitored continuously in order to ensure 

that internal well integrity and proper annular pressure is maintained (Attachment 6: Well 

Operations, 2022). 

If a change in the annular pressure or annular fluid volume indicates a change that was not a 

result of temperature or injection rate alteration, the cause of the change will be investigated 

(Attachment 6: Well Operations, 2022). Note that changes in the temperature of the injection 

stream can result in changes in the temperature of the annular space, leading to variations in 
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annular pressure. Initial investigations would likely look at correlations between the temperature 

of the injection stream and the variations in annular pressure.   

6.2 External Mechanical Integrity Testing (40 CFR 146.90 (e)) 

The project will conduct external (Part II) MIT annually to meet the requirements of 146.89(c) 

and 146.90(e).  

6.2.1 Testing Methodology and Frequency 

External mechanical integrity refers to the absence of fluid movement through channels between 

the long casing string and the borehole or the intermediate casing string.  Migration of fluids 

through this zone could result in contamination of USDWs; therefore, the external integrity of 

CCS1 and OBS1 will be confirmed throughout the injection phase of the project. Part II MIT 

activities will occur annually. 

This project plans to use temperature and RAT logging to ensure Part II mechanical integrity. It 

is noted that the practice of running temperature and RAT logs in tandem to ensure Part II 

mechanical integrity is a generally accepted method used in Class I and II wells across multiple 

EPA regions.  

Table 11 show the logs to be run to display Part II mechanical integrity, as well as the frequency 

with which they will be run and the depth range they will be run over. 

Table 11: External mechanical integrity tests 

Test Well Depth Range (MD ft) Schedule 

Temperature Log 
CCS1 Surface to Well TD Annually 

OBS1 Surface to Well TD Annually 

Radioactive Tracer Log CCS1 
500 feet above packer to 

Well TD 
Annually 

 

It is important to note that while PNL is not planned to be a direct method of displaying Part II 

mechanical integrity, it can be used to identify accumulations of CO2 adjacent to the wellbore in 

intervals above the Mt. Simon Sandstone.  

6.2.1.1  Temperature Logging 

Temperature logging is used to establish a temperature profile of the well and make year to year 

comparisons to determine if any unexpected variations are present. Each year, multiple 

temperature log runs will be made to monitor the temperature decay after injection has stopped. 

Temperature logs will be run using the same tool assembly as is presented in the RAT logging 

Section (7.2.1.2). Following the conclusion of the RAT logging, the well will be shut-in and a 

baseline temperature log will be run as per the schedule in  

 

 

Table 12. This will allow for four temperature curves to be plotted for each year that temperature 

logs will be performed. Temperature logs will be acquired from the bottom up.  
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Table 12: Temperature logging schedule for well integrity 

Temperature Logging Run Time Increment from Shut-in (hrs) 

Baseline Shut-in 

Second 1 

Third 3 

Fourth 6 

 

6.2.1.2 Radioactive Tracer Logging 

The primary purpose of RAT logging is to verify the absence of pathways along the wellbore for 

the upward migration of injection zone fluids. RAT logging will be performed in accordance 

with federal and state guidance, if it is available.  

RAT logs will be run while fluid is actively being injected into the well. As such, pressure, 

temperature, and rate data will be collected as part of the logging activities and reporting.  

A RAT logging tool will be run on the same string as a gamma ray (GR), casing collar locator 

(CCL), and temperature tool. A summary of the general testing events is provided below.  

1. Run baseline GR log across the zone of interest.  

2. Run 5-minute statistical (stat) checks on the tool. These stat checks should be run in an 

area with a known low GR signature, and in an area with a known, higher GR signature. 

This check will help to ensure the tool is operating properly.  

3. Run tracer chase sequence. A tracer will be ejected at least 300 feet above the packer, 

after which the tool will chase the tracer down the injection string and into the cased-hole 

interval by performing successive downward passes through the well. Multiple passes 

will be made over the perforated interval to ensure that all the tracer has exited the tubing 

and passed into the Mt. Simon Sandstone 

4. Run time-drive sequence. A tracer will be ejected at least 300 feet above the packer. 

After which the tool will be move to just above the packer. The tool will record the GR 

measurements at the set depth for a minimum of 30-minutes. During this time, the tracer 

will be observed passing the tool and never have any upward movement. 

5. Run final GR log across the zone of interest.  

This sequence of logs will allow for investigation into any potential upward pathways for fluid 

migration out of the injection interval present during injection.  

6.2.2 Testing Details 

The data from each annual logging event will be compared to the baseline log to determine if 

there are any inconsistencies between the logs.  If inconsistencies appear, the cause of the 

deviations will be determined, and additional logs will be performed over the entire depth of the 

well to substantiate results of the MIT logging.  
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7 Pressure Fall-Off Testing (40 CFR 146.90 (f)) 

The project will perform pressure fall-off tests (FOT) during the injection phase as described 

below to meet the requirements of 40 CFR 146.90(f).  

Pressure fall-off testing involves the measurement and analysis of pressure data from a well after 

it has been shut-in. FOT tests provide the following information: 

• Confirmation of reservoir properties such as flow capacity (kh), which is used to derive 

average permeability.  

• Formation damage (skin) near the well bore, which can be used to diagnose the need for 

well remediation  

• Changes in injection zone performance over time, such as long-term pressure build-up in 

the injection zone  

• Average injection zone pressure that can be used to calibrate computational modeling 

predictions of injection zone pressure to verify that the operation is responding as 

modeled/predicted  

7.1 Testing Location and Frequency 

Fall-off tests will be run every five years on CCS1 during injection operations. An initial FOT 

will be run as part of the pre-operational testing to be performed on the well. The permanent 

downhole pressure gauges set above the packer will be used for the FOT.  

Surface monitoring equipment will be used to monitor injection data for the test.  

7.2 Testing Details 

To begin the FOT, a constant rate injection period will be used for a minimum period of 24-

hours. The rate will be kept within ±5% during this period and will be at a rate that is 

representative of the injection rate for normal operations.  

Following this constant rate injection period, injection will cease, and the well will be shut-in at 

the wellhead. Pressure will be monitored for a period to be no longer than the constant rate 

injection period. Following the shut-in period, the well will be restarted, and routine injection 

operations will resume.  

Surface monitoring equipment will be used to record the injection data. This test can be 

performed as a function of routine injection operations and will prevent any additional shut-in of 

the well other than what is necessary for the test.  

The downhole pressure data will be collected, and pressure transient analysis (PTA) will be 

performed on the data. Analysis of the test data will be completed using PTA techniques that are 

consistent with guidance for conducting pressure fall-off tests.  

8 Carbon Dioxide Plume and Pressure Front Tracking (40 CFR 146.90 (g)) 

The project will employ direct and indirect methods to track the extent of the CO2 plume and the 

presence or absence of elevated pressure during the operation period to meet the requirements of 

40 CFR 146.90 (g).  
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8.1 Plume Monitoring Location and Frequency 

Table 13 presents the methods that the project will use to monitor the position of the CO2 plume; 

this includes the activities, locations, and frequencies the project will employ. The parameters to 

be analyzed as part of fluid sampling in the injection zone and associated analytical methods are 

presented in Table 9. Quality assurance procedures for these methods are presented in 

(Attachment 11: QASP, 2022).  

Table 13: CO2 plume monitoring activities 

Target Formation 
Monitoring 

Activity 

Monitoring 

Location(s) 
Spatial Coverage Frequency 

DIRECT PLUME MONITORING 

Mt. Simon 

Sandstone 

Fluid Sampling OBS1 Exact depth TBD 
Twice/year until CO2 

breakthrough 

Isotope Analysis OBS1 Exact depth TBD 
Once/year until CO2 

breakthrough 

PNL 
CCS1 

OBS1 

ACZ monitoring  

interval to TD 

Once/year until fully 

saturated with CO2   

Once/year 

Downhole 

Pressure  

CCS1 

OBS1 

TBD (above packer) 

TBD 
Continuous 

Downhole 

Temperature 
CCS1 

Downhole, just above the 

packer 
Continuous 

INDIRECT PLUME MONITORING 

Entire Interval 

Time-lapse 3D 

Surface Seismic 

Data 

Over project 

AoR 

Area sufficient to image 

an 8.97 mi2 plume 

Every 5-10 years,  

as appropriate 

 

Fluid samples will be obtained for analysis from the Mt. Simon Sandstone during the initial well 

completion and pre-operational testing program (Attachment 5: Pre-Op Testing Program, 2022).  

The final sampling interval in the Mt. Simon Sandstone will be determined after the well has 

been drilled and the well logs have been analyzed.  The CO2 plume is expected to intersect OBS1 

approximately five years after injection commences.  Once free phase CO2 breaks through at 

OBS1, the project will stop taking fluid samples from the Mt Simon Sandstone. 

Baseline PNL logs will be acquired in CCS1, OBS1 and ACZ1 prior to the start of injection 

operations.  Once injection starts, PNL logs will be acquired in CCS1 and OBS1 once each year.  

A baseline 3D surface seismic survey will be acquired in Q4 2022 or Q1 2023.  Subsequent time-

lapse 3D surface seismic surveys will be acquired every five to ten years after injection 

operations commence. 

At this time, no continuous CO2 plume monitoring has been planned for the project. Likewise, no 

phased or adaptive monitoring has been planned for the project in terms of expanding the 

monitoring network.  However, if during the reassessment of the AoR during the injection phase 
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of the project, the AoR is shown to have grown, the Testing and Monitoring Plan will be 

reassessed (Attachment 2: AoR and Corrective Action, 2022).  

8.2 Plume Monitoring Details 

As CO2 is injected into the Mt. Simon Sandstone, the geochemistry of the fluids and isotopes in 

the formation are expected to change.  Geochemical modelling will be used to predict the 

geochemical changes to the Mt. Simon Sandstone fluids once data from the pre-operational 

testing program has been collected (Attachment 5: Pre-Op Testing Program, 2022).  

The results of the geochemical and isotope analysis will be delivered in the form of lab reports.  

Section 6.3 of this document details the sampling procedures that will be used. Table 9 

summarizes the analytical and field parameters for the fluid sampling.  Details on the methods, 

containers, and preparation methods for the fluid sampling can be found in (Attachment 11: 

QASP, 2022). The project will stop taking fluid samples from the Mt. Simon Sandstone once 

free phase CO2 is encountered at the sampling ports. 

The PNL logs will be received as LAS files and interpreted products that can be imported into 

the static model.  This logging data will be used to monitor the distribution and saturation of CO2 

adjacent to the wellbores in CCS1 and OBS1.  The logs will be acquired through the Mt. Simon 

Sandstone as well to confirm the absence of CO2 accumulations along the wellbore above the 

confining zone in the ACZ monitoring zone. Technical details on the logging tools can be found 

in the (Attachment 11: QASP, 2022). 

Surface seismic data is delivered in a variety of formats including acquisition and processing 

reports and SEG-Y data files from a variety of points in the processing flow.  In the context of 

time-lapse analysis, an assessment will be provided on the differences between the baseline and 

time-lapse surveys as well as data files that can be incorporated into the static model. Once a data 

processing company is selected for the surface seismic processing, detailed information can be 

provided on their processing flows; however, it is expected that the company will use industry 

standard processing flows for noise attenuation, demultiple, pre-stack migration, and time-lapse 

analysis. The injection of CO2 and expansion of the plume is expected to change the acoustic 

impedance and travel times of the seismic waves through the Mt. Simon Sandstone, and these 

changes will be used to track CO2 plume development over time.  The time-lapse surface seismic 

data will also be monitored for changes that may suggest that CO2 has migrated past the 

confining zone and into the overlying formation(s).  

The results of the geochemical and isotope analysis, PNL, and time-lapse 3D surface seismic 

data will all be integrated to develop a comprehensive understanding of the CO2 plume 

development over time.  The logging and time-lapse 3D surface seismic data can be incorporated 

into the static model for comparison to the computational modelling predictions at different 

points in time.  The data can be used to constrain the computational modelling results and 

produce better plume predictions over the course of the project.  The logging data will be used to 

calibrate the computational modelling on a yearly basis and provide information on the vertical 

and horizontal plume development.  It will also provide more detailed and direct measurement of 

CO2 saturations than indirect seismic methods.  The time-lapse 3D surface seismic data will be 

used to update the models every five to ten years.  If the CO2 plume monitoring data diverges 

significantly from the modelled plume predictions, it may result in a reassessment of the AoR 

(Attachment 2: AoR and Corrective Action, 2022). 
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8.3 Pressure-Front Monitoring Location and Frequency 

Table 14 presents the methods that the project will use to monitor the position of the pressure 

front; this includes the activities, locations, and frequencies the project will employ. Quality 

assurance procedures for these methods have been presented in the QASP (Attachment 11: 

QASP, 2022).  

Table 14: Pressure plume monitoring activities 

Target Formation Monitoring 

Activity 

Monitoring 

Location(s) 

Spatial Coverage Frequency 

Direct Pressure-Front Monitoring 

Mt. Simon Sandstone Pressure 

Monitoring 

CCS1 

OBS1 

Mt. Simon 

Sandstone Interval 

Continuous 

Indirect Pressure-Front Monitoring 

Eau Claire Formation 

Mt. Simon Sandstone 

Microseismic 

Monitoring 

Minimum of five (5) 

Surface Stations 

Events within an 8 

mi radius of CCS1 

Continuous 

 

The pressure/temperature sensors will be programmed to measure and record pressure and 

temperature readings every 10 sec. The final monitoring interval will be determined after CCS1 

has been drilled and the well logs have been analyzed (Attachment 5: Pre-Op Testing Program, 

2022). Ideally, the project will start recording pressures in the Mt. Simon Sandstone the quarter 

before injection operations commence. 

Microseismic data will also be recorded on a continuous basis.  This data will be sent to a cloud-

based service via a cellular connection for data processing and archive. Baseline microseismic 

data will be acquired for four to six months prior to the start in injection operations. 

No phased or adaptive monitoring has been planned for the project in terms of expanding the 

monitoring network.  However, if during the reassessment of the AoR during the injection phase 

of the project, the AoR is shown to have grown, the Testing and Monitoring Plan will be 

reassessed (Attachment 2: AoR and Corrective Action, 2022). 

8.4 Pressure-Front Monitoring Details 

Pressure/temperature sensors will be placed on the tubing string of CCS1, OBS1, and ACZ1 to 

monitor the pressures. The gauges will collect and transmit data to surface continuously. Refer to 

the QASP for technical information on the potential pressure/temperature gauges (Attachment 

11: QASP, 2022).  

The pressure/temperature data will be stored as time stamped data pairs.  It is expected that the 

pressure in the injection zone will begin to increase when injection operations begin.  This data 

will be used to calibrate the computational modelling results over the injection and PISC phases 

of the project. Calibrating the computational model with pressure and temperature data from the 

injection zone will lead to more accurate predictions of pressure plume behavior over time. The 

AoR and Corrective Action Plan further discusses how the pressure and temperature data will be 

used to calibrate the computational modelling, and how it might be used to trigger an early 

reassessment of the AoR (Attachment 2: AoR and Corrective Action, 2022). 

The proposed microseismic monitoring array will have a minimum of five surface stations. One 



Plan revision number: 1.0 

Plan revision date: July 4, 2022 

Attachment 7: Testing and Monitoring Plan; Hoosier #1 Project 

Permit Number: Not Yet Assigned Page 43 of 44 

station will be located adjacent to CCS1, and four stations will be distributed around the AoR. 

The objective of the array will be to monitor induced seismic events within eight (8) miles of 

CCS1 with a magnitude of completeness (Mc) of 1.5. The physical locations of these stations 

will be optimized through a design process once the data from CCS1 and OBS1 have been 

analyzed. The local array will be complemented with the addition of any relevant regional 

seismometer stations that are available through the Incorporated Research Institutions for 

Seismology (IRIS) to aid in positioning events from outside the AoR. 

Each standalone station will likely consist of a seismometer, digitizer, solar with battery backup, 

and a cell modem/antenna.  Triggered data will be processed to provide magnitude and location 

error ellipsoids on a real-time basis and results will be reviewed by a data processor and event 

data can be received by the project on a daily basis. Automatic notifications will be sent for 

events over a certain size.  

The event locations will be incorporated into the static model.  It is expected that some induced 

seismicity may occur in the Precambrian once injection commences, and the pressure plume 

related to the CO2 injection expands.  Microseismic activity will provide qualitative information 

on the spatial extent of pressure plume over time.  Clusters of microseismic activity in the 

confining zone may be an indication of containment loss that would be cause for further 

investigation.  
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ATTACHMENT 8: INJECTION WELL PLUGGING PLAN 

40 CFR 146.92(b) 

HOOSIER #1 PROJECT 

 

 

Facility Information 

Project Name:  Hoosier #1 

 

Facility Name:  Cardinal Ethanol  

 

Facility Contact: Jeremey Herlyn, Project Manager  

Cardinal Ethanol 

 

Well Location:  1554 N. 600 E. 

Union City, IN 47390 

CO2 Injection Well Location for Cardinal CCS1 

Latitude  40.186587° 

Longitude -84.864284° 

 

Operator Name: One Carbon Partnership, LP 

   1554 N. 600 E. 

Union City, IN 47390 
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List of Acronyms 

BOP  Blow Out Preventer 

CO2  Carbon Dioxide 

CBL  Cement Bond Log 

CCS1  Proposed Injection Well 

ft  feet 

LD  Lay Down 

MIT  Mechanical Integrity Test 

ND  Nipple Down 

NU  Nipple Up 

OPC  One Carbon Partnership, LP 

P&A  Plugging and Abandonment 

PNL  Pulsed Neutron Log 

POOH  Pull out of hole 

PU  Pick Up 

QASP  Quality Assurance and Surveillance Plan 

RAT  Radioactive Tracer Log 

RIH  Run in Hole 

RU  Rig Up 

TD  Total Depth 
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One Carbon Partnership, LP (OCP) will conduct injection well plugging and abandonment 

(P&A) according to the procedures below at a time during the project following the cessation of 

injection that is deemed appropriate. 

1 Planned Tests or Measures to Determine Bottom-Hole Reservoir Pressure 

Prior to any plugging operations, bottomhole pressure data from the bottomhole gauges set in the 

Proposed Injection Well (CCS1) will be reviewed. This data will be used to determine an 

appropriate kill fluid weight.  

2 Planned External Mechanical Integrity Test(s) 

OCP will conduct at least one of the tests listed in Table 1 to verify external mechanical integrity 

prior to plugging the injection well as required by 40 CFR 146.92(a).  

Following the operations to kill the well, testing of the external mechanical integrity will be 

performed. This testing will include one or more of the following: 

• Temperature Log, 

• Radioactive Tracer (RAT) Log, 

• Cement Bong Log (CBL), 

• Pulsed Neutron Log (PNL). 

Prior to any field mobilization or operations, proper notification will be given to the agency. Within 

this notification, the specific logs and/or tests to be run to determine external mechanical integrity 

will be provided. The list above is an example of logs that would likely be run to confirm external 

mechanical integrity and should not be considered to be a comprehensive or final list for this 

project. 

Note the following:  

i. Example procedures for the logging techniques provided above can be found and the Pre-

Operational Testing Program or the Testing and Monitoring Plan sections of this 

application (Attachment 5: Pre-Op Testing Program, 2022) and (Attachment 7: Testing 

And Monitoring, 2022).  

ii. Specifications on the tools that will be used for this testing can also be found in these 

same sections or the Quality Assurance Surveillance Plan (QASP) section of this 

application.  

iii. Criteria for acceptable logging results can be found in the Testing and Monitoring Plan as 

well as the QASP section of the permit application. 
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Table 1. Potential MITs for CCS1. 

Test Description Location 

Temperature Log Along wellbore via wireline well log 

RAT Log Along wellbore via wireline well log 

CBL Wireline well log 

PNL Along wellbore via wireline well log 

 

3 Information on Plugs 

OCP will use the materials and methods noted in Table 2 to plug the injection well. The volume 

and depth of the plug or plugs will depend on the final geology and downhole conditions of the 

well as assessed during construction. The cement(s) formulated for plugging will be compatible 

with the carbon dioxide (CO2) stream (Attachment 4: Well Construction, 2022). The cement 

formulation and required certification documents will be submitted to the agency with the well 

plugging plan. The owner or operator will report the wet density and will retain duplicate 

samples of the cement used for each plug.  

The general plugging methodology is as follows: 

• Approximately 500 foot plugs to be used throughout the well, 

• CO2-resistant cement to be used from Total Depth (TD) to approximately 500 feet (ft) 

above the Eau Claire Formation, 

• Class A cement to be used 500 ft above the Eau Claire Formation to surface.  
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Table 2. Plugging details for CCS1. 

Plug Information Plug #1 Plug #2 Plug #3 Plug #4 Plug #5 Plug #6 Plug #7 

Diameter of boring in which 

plug will be placed (in.) 

6.276 6.276 6.276 6.276 6.276 6.276 6.276 

Depth to bottom of tubing or 

drill pipe (ft) 

3,600 3,100 2,600 2,100 1,600 1,100 600 

Sacks of cement to be used 

(each plug) 

101 100 100 90 90 90 110 

Slurry volume to be pumped 

(ft3, bbl ) 

109.4 

19.5 

107.4 

19.1 

107.4 

19.1 

107.4 

19.1 

107.4 

19.1 

107.4 

19.1 

128.9 

23.0 

Slurry weight (lb/gal) 16.0 16.0 16.0 15.5 15.5 15.5 15.5 

Calculated top of plug (ft) 3,100 2,600 2,100 1,600 1,100 600 0 

Bottom of plug (ft) 3,609 3,100 2,600 2,100 1,600 1,100 600 

Type of cement or other 

material  

EverCRETE* 

 

Class A 

 

Method of emplacement (e.g., 

balance method, retainer 

method, or two-plug method) 

Balance 

 

Balance 

 

*EverCRETE  CO2 resistant cement (or an equivalent)  

Mark of Schlumberger 

4 Narrative Description of Plugging Procedures 

4.1 Notifications, Permits, and Inspections  

In compliance with 40 CFR 146.92(c), OCP will notify the regulatory agency at least 60 days 

before plugging the well and provide updated CCS1, if applicable. 

4.2 Plugging Procedures 

In compliance with 40 CFR 146.92, the following will be done: 

1. The regulatory agency will be notified at least 60 days before any field activity begins 

with an updated plugging plan. 

2. Move in the workover rig and rig up (RU) on CCS 1. 

3. CO2 pipelines will be marked and noted with the rig supervisor and facility manager. 

4. Hold safety meeting with all available rig crew, contractors and facility personnel. 

5. Based on the calculated kill fluid weight needed from the bottom hole pressure survey, 

kill the well. 

a. It is anticipated that approximately 9.5 pounds per gallon will be appropriate. This 

weight is subject to change based on the result of the bottomhole pressure survey. 

It is noted that regardless of the results of the pressure survey, 9.5 pounds per 

gallon will be the minimum fluid weight. 

6. Ensure that rig pump or other suitable pump is rigged up to the well. Pressure test all 

lines to minimum 2,500 psi. Perform annulus pressure test. 
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7. Fill tubing and cased hole volume with kill brine. Monitor tubing pressure to ensure the 

well is dead.  

8. Once the casing and tubing are dead, nipple down (ND) the well head. 

9. Nipple up (NU) and test blow out preventers (BOPs). 

10. Latch onto and remove tubing hanger from wellhead. 

11. Lay down (LD) tubing hanger. 

12. Latch onto injection string. 

13. Unlatch from packer 

a. Note that, at this time, the well is likely to u-tube. Ensure rig pump is connected 

to the top side, close the BOPs, and slowly circulate out the annulus fluid while 

maintaining a full column of fluid (as feasible).  

14. Pull out of hole (POOH) with tubing and LD same. 

a. Fill hole as necessary.  

15. Pick up (PU) work string with packer pulling tool and run in hole (RIH). 

16. Latch onto Packer and remove same. 

17. POOH with work string and packer. LD same.  

18. RIH with open end work string.  

19. Tag bottom. Note tag depth 

20. Pump plug #1. 

a. Pump 20 ft off bottom.  

b. Target height of plug should be 500 ft. Plug volume should be as detailed in Table 

2.  

c. Slowly pull out of hole is necessary while pumping plug. 

21. Target top of hole should be approximately 3,100 ft. Trip work string out to 

approximately 3,000 ft. Wait at 3,000 ft for approximately two hours. 

a. Wait time is dependent on hardening time for cement. 

b. Wet samples of cement should be taken. 

22. RIH and tag top of cement. Note top of cement. Ensure cement top has not moved. 

23. Repeat steps 20 through 22 plugs 2 and 3. 

a. Note that cement used in plugs one through three will be CO2 resistant. 

b. Target top of plug three to be 2,100 ft. This depth is approximately 500 ft above 

the top of the Eau Claire Formation. 

24. Flush wellbore with brine. 

25. RIH with work string and tag top of cement. Note top of cement. 

26. Pump plug # 4. 

a. 20 ft off bottom.  

b. Target height of plugs should be 500 ft. Plug volume should be as detailed in 

Table 2. Plug to be pumped as balance plug.  

c. Slowly pull out of hole as necessary while pumping plug. 

27. Trip out work string to 100 ft above projected top with cement. Wait two hours. 

a. Wait time is dependent on hardening time for cement. 

b. Wet samples of cement should be taken. 

28. RIH and tag top with cement. Note top of cement 

29. Pump remaining 500-foot plugs by repeating steps 34 through 36. 

30. Ensure cement is to surface. Fill from surface if necessary. 

31. ND BOPs 
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32. Rig down rig. All casing should be cut to minimum three ft below ground level and have 

plate with well information welded on top. 

33. Fill and level ground as necessary. 

Note that the procedure presented above assumes that no contingencies are necessary. Cement 

volumes, pumping pressures and weights are subject to change based on geologic and field 

conditions. This plan will be updated following the drilling and completion of CCS1.  

All materials and equipment to be used in this procedure are to be cement resistant to 500 ft 

above the Eau Claire Formation. 

Any contingency plans that are necessary will be provided for as part of the formal procedure 

submitted 60 days before any field activities. 

Following the completion of field activities, a report detailing the procedures and process 

followed to plug this well will be submitted to the agency. This report will be submitted within 

60 days of the completion of plugging. 

Figure 1 displays the theoretical plugging schematic for CCS1.  
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Figure 1. Injection Well Plugging Schematic  
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ATTACHMENT 9: POST-INJECTION SITE CARE AND SITE CLOSURE PLAN 

40 CFR 146.93(a) 
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This Post-Injection Site Care and Site Closure (PISC) plan describes the activities that the 

Hoosier#1 Project will perform to meet the requirements of 40 CFR 146.93. The project is 

proposing an alternative timeframe of ten years. The position of the carbon dioxide (CO2) plume, 

pressure front, and shallow ground water quality will be monitored for the 10-year PISC period 

over which CO2 plume and pressure front are expected to stabilize based on current 

computational modeling (Section 4.0).  

1.0 Pre- and Post-Injection Pressure Differential [40 CFR 146.93(a)(2)(i)] 

Based on the computational modeling performed as part of the Area of Review (AoR) 

delineation (Section 4.2), the injection zone pressure is expected to decrease to pre-injection 

levels after approximately two years. Additional information on the projected post-injection 

pressure declines and differentials is presented in the AoR and Corrective Action Plan 

(Attachment 2: AoR and Corrective Action, 2022). 

The pressure plume is defined as the area where the delta pressure is greater than the critical 

pressure. The critical pressure is the increase in pressure necessary to allow fluids to migrate up 

an open conduit to the lowermost Underground Source of Drinking Water (USDW). Critical 

pressure, in this case, is 227 psi. The computational modeling demonstrates that the pressure will 

rapidly decline in the two years following the cessation of injection and that the pressure plume 

will decrease in size until pressures decrease below the critical pressure after approximately two 

years. Within 250 feet of the injection well, the maximum pressure rise is estimated to be 378 psi 

at the end of the injection period. 

 

2.0 Predicted Position of the CO2 Plume and Associated Pressure Front at Site Closure 

[40 CFR 146.93(a)(2)(ii)] 

Figure 1 shows the predicted extent of the plume and pressure front at the end of the PISC 

timeframe that represents the maximum extent of the plume and pressure front. This map is 

based on the final AoR delineation modeling results submitted pursuant to 40 CFR 146.84. A list 

of water wells located within the AoR are provided in the AoR and Corrective Action Plan 

(Attachment 2: AoR and Corrective Action, 2022). 
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Figure 1. Map of the predicted extent of the CO2 plume and pressure front at site closure.  

 

3.0 Post-Injection Monitoring Plan [40 CFR 146.93(b)(1)] 

The PISC monitoring, which includes shallow groundwater, above confining zone (ACZ), 

injection zone pressures, and geophysical monitoring (as described in the following sections), 

will meet the post injection monitoring requirements of 40 CFR 146.93(b)(1). The results of all 

the post-injection monitoring will be submitted annually, within thirty days of the conclusion of 

the activities or receipt of processed data, whichever is later, as described under “Schedule for 

Submitting Post-Injection Monitoring Results,” following. 

A Quality Assurance and Surveillance Plan (QASP) for all testing and monitoring activities 

during the injection and post injection phases is provided (Attachment 11: QASP, 2022). 

Table 1 summarizes the monitoring activities that will take place during the PISC phase of the 

project. The project will continue to monitor pressures within the Mt. Simon Sandstone in the 

Proposed Injection Well (CCS1) and Deep Observation Well (OBS1) until the pressures drop to 

below the critical pressure rise of 227 psi.  The pressure within the Mt. Simon Sandstone is 

expected to begin to dissipate once CO2 injection ceases based on the computation modelling 

(Section 4.0).  The injection zone pressure measurements are expected to verify the modeling 
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results. This pressure data will be used to further calibrate the computational modelling in the 

PISC phase.   

Downhole pressure is to be monitored continuously in both wells for two years or until the 

bottomhole pressure (BHP) change in CCS1 is below the critical pressure (227 psi), whichever 

occurs later. At this point, annual static gradient surveys will be collected from CCS1, and 

pressure monitoring will cease in OBS1.  

The ACZ monitoring zone pressures will also continue to be monitored to confirm the 

containment of CO2 within the injection zone.  Fluid samples will be taken from the ACZ 

monitoring zone once per year for geochemical and isotopic analysis to further verify CO2 

containment. Shallow groundwater fluid samples will also be obtained each year for geochemical 

and isotopic analysis. 

Any potential microseismic activity will likely fall-off once the injection phase of the project is 

complete and the associated pressure plume begins to dissipate.  The microseismic monitoring 

will likely be phased out as activity decreases.  This will be evaluated in the first months of the 

project’s PISC phase. The Underground Injection Control (UIC) Program Director will be 

consulted prior to ceasing any monitoring activities during the PISC phase of the project. 

The project proposes to acquire two time-lapse three-dimensional (3D) surface seismic surveys 

in the PISC phase of the project.  One will be acquired the year either at the end of the injection 

phase or at the start of the PISC phase of the project. The last survey will be acquired in the 

eighth (8th) year of the PISC phase of the project.  The objectives of these two surveys include: 

• Verification of continued CO2 containment in the injection zone, 

• Demonstration of the stability of the CO2 plume after the injection phase of the project, 

• To provide data for the calibration and verification of the computational modelling. 
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Table 1: Summary of proposed testing and monitoring activities to take place during the PISC phase of the project. 

Monitoring Activity PISC Frequency* Location Depth Range (MD ft)** 

Groundwater Monitoring 

Groundwater Sampling 
Annual  

(Q2 of each year) 

USDW1 

ACZ1 

12 stations TBD 

Varying 

Isotope Analysis 
Annual  

(Q2 of each year) 

USDW1 

ACZ1 

12 stations TBD 

Varying 

Pressure Monitoring 

Downhole Pressure Continuous* 
CCS1 

OBS1 

Above Packer (TBD) 

Mt. Simon Sandstone (TBD) 

Wellhead Pressure Continuous ACZ1 Knox Formation (TBD) 

Mechanical Integrity Tests 

Mechanical Integrity Test 

(MIT) Part I: Annulus 

Pressure Test 

Year 5 

Year 10 

CCS1 

OBS1 

Surface  

Surface 

MIT Part II:  

Temperature Logging 

Year 5 

Year 10 

CCS1 

OBS1 

ACZ1 

TBD 

Plume Verification Monitoring 

Pulsed Neutron Logging 

(PNL) 

Year 1, Year 3, Year 5,  

Year 7, Year 9 

CCS1  

OBS1 

To the Packer 

TBD 

Microseismic Monitoring Continuous 
Minimum 5 

Surface Stations 

Injection Zone  

Confining Zone 

Time-lapse 3D Surface 

Seismic Data 

Q2 Year 0 

Q2 Year 8 

Area sufficient 

to image an 8.97 

mi2 plume 

Imaging of CO2 plume  

and overburden 

*Downhole pressure is to be monitored continuously in both wells for two (2) years, or until the BHP change in CCS1 is 

below the critical pressure (227 psi), whichever occurs later. At this point, annual static gradient surveys will be collected 

from CCS1, and pressure monitoring will cease in OBS1. 

** To be confirmed after well is drilled 

 

Cardinal Ethanol owns the land on which CCS1, OBS1, and the Proposed Above Confining 

Zone Well (ACZ) are located and also owns (or will have surface access rights to) the land that 

the shallow groundwater wells are located on.  Access to the wells for testing is not anticipated to 

be a problem as surface access will be negotiated as part of the landowner leases for the project.  
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3.1 Monitoring Above the Confining Zone 

The monitoring plan for the PISC is designed to be adaptive and respond to evolving project 

risks over time.  At this point in the project, no phased monitoring has been planned for ACZ1 

groundwater monitoring; however, this may be re-assessed as the project progresses.  No 

changes will be made to the PISC without informing the UIC Program Director (40 CFR 146.93 

(a)(3)).   

 

Table 2 presents the proposed ACZ groundwater monitoring methods, locations, and frequencies. 

The ACZ monitoring zone will likely be in the Knox Formation with the exact depth to be 

determined through the Pre-Operational Testing Program (Attachment 5: Pre-Op Testing 

Program, 2022). For fluid sampling, a bailer system that maintains the formation pressure of the 

sample, will be used to collect water samples to be analyzed for dissolved inorganic carbon, 

alkalinity, pH, and the isotopic analyses.  Samples for all other analytes will be collected with an 

open-ended bailer.  Prior to sample collection the well will be swabbed to remove stagnant water 

from the well and ensure representative water is collected from the formation.  The fluid 

swabbed from the well will be monitored for field parameters, such as pH, specific conductance, 

and temperature, using a calibrated water quality meter. Once these parameters stabilize, it will 

be an indication that representative formation fluid is in the well at the time the sample is 

collected. 

Further detail on specifications, sample collection methods, analytical techniques, detection 

limits, and means of storing and transporting fluid samples is provided in the QASP (Attachment 

11: QASP, 2022).  

 

Table 2. ACZ1 Monitoring of ground water quality and geochemical changes above the confining zone.  

Target 

Formation 

Monitoring 

Activity 
Monitoring Location(s) Spatial Coverage Frequency 

Shallow 

Groundwater  

Aqueous 

geochemistry  

and stable isotopes 

USDW1 

12 groundwater wells 

TBD 

Lowermost USDW 

Distributed 

throughout AoR  

Annual (Q2/yr) 

Knox Formation Aqueous 

geochemistry and 

stable isotopes 

ACZ1 Adjacent to CCS1 Annual (Q2/yr) 
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Table 3 identifies the initial groundwater parameters to be monitored and the analytical methods 

that will be used for the samples in the baseline analysis of the data.   

Table 3. Summary of analytical and field parameters for ground water samples. 

Parameters Analytical Methods(1) 

Cations: 

Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb, Se, Zn, Ti, 

Ca, Fe, K, Mg, Na, and Si 

 

ICP(2)-MS(3), EPA Method 6020 

ICP-OES(4), EPA Method 6010B 

Anions:  

Br, Cl, F, NO3, and SO4 

 

Ion Chromatography 

EPA Method 300.0 

Dissolved CO2 

 

Coulometric Titration 

ASTM D513-11 

Isotopes: δ13C  

Dissolved Inorganic Carbon (DIC) 

Isotope ratio mass spectrometry(5) 

Total Dissolved Solids Gravimetry 

APHA 2540C 

Water Density (field) Oscillating body method 

Alkalinity APHA 2320B 

pH (field) EPA 150.1 

Conductivity/Resistivity (field) APHA 2510 

Temperature (field) Thermocouple 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 

Note 2: Inductivity Coupled Plasma 

Note 3: Mass Spectrometry 

Note 4: Optical Emission Spectrometry 

Note 5: Gas evolution technique by Atekwana and Krishnamurthy (1998), with modifications made by Hackley et 

al. (2007) 

 

At this time, a laboratory has not been selected for the groundwater sampling and analysis.  

However, all sampling and analytical measurements will be performed in accordance with 

project quality assurance requirements. Samples will be tracked using appropriately formatted 

chain-of-custody forms (Attachment 11: QASP, 2022). 

The results of the geochemical and isotope analysis will be delivered in the form of lab reports.  

If anomalous changes in the aqueous geochemistry are observed in ACZ, lowermost USDW, or 

shallow groundwater monitoring zones, new samples will be obtained from the affected zone to 

verify the changes.  The frequency with which fluid samples are obtained for analysis from that 

zone will also be increased.   

As a precautionary measure, the fluid sampling frequency for the shallow groundwater 

monitoring wells will also be increased.  If the injected CO2 has a unique isotopic signature from 

the existing isotopes in the overlying formation, a new round of samples will be collected for 

isotopic analysis from the affected formation. Anomalous changes may also trigger the need for 

additional well integrity testing in both the CCS1 and OBS1 to ensure that no well integrity 
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issues have developed since the last set of external mechanical integrity tests. A combination of 

anomalous pressure, geochemical, and well integrity testing results may result in the decision to 

acquire a time-lapse 3D surface seismic survey before the survey scheduled in year eight of the 

PISC to determine the size of the leakage accumulation (Table 1).   

Table 4 presents information about the wellhead pressure monitoring to be used in the ACZ1 

well. Further detail and specifications on the equipment to be used in the ACZ1 well is provided 

in the QASP. The pressure data will be stored as time stamped data. Migration of injection zone 

fluids into the deep ACZ zone will likely first be identified through pressure changes in the 

formation.  An increasing pressure trend in the ACZ zone would suggest that migration of 

injection zone fluids beyond the confining zone has occurred. While any increasing trend in 

pressure will be evaluated, an increase in pressure greater than 5% above baseline values will 

warrant additional monitoring and inspections to rule out the possibility of fluid migration out of 

the injection zone. Such an increase in pressure would initiate more frequent fluid sampling and 

analysis for geochemical parameters from the formation and require additional external well 

integrity investigations for CCS1 or OBS1. 

Table 4. Sampling and recording frequencies for continuous monitoring in ACZ1 

Parameter Device(s) Location 

Minimum 

Sampling 

Frequency 

Minimum 

Recording 

Frequency 

Pressure 
Wellhead Pressure 

Gauge 
ACZ1 

Continuous  

(every hour) 

Continuous  

(every hour) 

Notes: 

• Sampling frequency refers to how often the monitoring device obtains data from the well for a particular 

parameter. For example, a recording device might sample a pressure transducer monitoring injection 

pressure once every two seconds and save this value in memory. 

• Recording frequency refers to how often the sampled information gets recorded to digital format (such as a 

computer hard drive). For example, the data from the injection pressure transducer might be recorded to a 

hard drive once every minute. 

3.2 CO2 Plume and Pressure Front Tracking [40 CFR 146.93(a)(2)(iii)] 

The project will employ direct and indirect methods to track the extent of the CO2 plume and the 

presence or absence of elevated pressure throughout the PISC phase.  

Table 5 presents the direct and indirect methods that will be used to monitor the CO2 plume 

including the activities, locations, and frequency of sampling.  

The quality assurance procedures for seismic monitoring methods will be performed as described 

in (Attachment 11: QASP, 2022).  
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Table 5. Post-injection phase CO2 plume monitoring 

Target Formation Monitoring Activity Monitoring 

Location(s) 

Spatial Coverage Frequency 

Direct Plume Monitoring 

Knox, Eau Claire,  

and Mt. Simon Formations 

Pulsed Neutron 

Logging 

CCS1 

OBS1 

TBD Year 1, Year 3, 

Year 5, Year 7, 

Year 10 

Indirect Plume Monitoring 

Overburden, Eau Claire, 

and Mt. Simon Formations 

Time-lapse 3D 

Surface Seismic Data 

Over 

project AoR 

Area sufficient to image 

an 8.97 mi2 plume 

Q2, Year 0 

Q2, Year 8 

 

The Pulsed Neutron Logging (PNL) will be received as LAS files and interpreted products that 

can be imported into the static model. PNL will be used to monitor the distribution and saturation 

of CO2 adjacent to the wellbore in OBS1. In CCS1, it is expected that the near wellbore zone will 

be saturated with CO2 and the plume will take up the entire injection zone, so there will be little 

value in running the PNL through the injection zone. However, the PNL will be run through the 

ACZ monitoring zone to verify that there are no accumulations of CO2 adjacent to the wellbore 

above the confining layer in CCS1. Technical details on PNL tools can be found in the QASP 

(Attachment 11: QASP, 2022). 

Surface seismic data is delivered in a variety of formats including acquisition and processing 

reports and SEG-Y data files from a variety of points in the processing flow.  In the context of 

time-lapse analysis, an assessment will be provided on the differences between the baseline and 

time-lapse surveys as well as data files that can be incorporated into the static model.  The 

injection of CO2 and expansion of the plume is expected to change the acoustic impedance of 

intervals within the Mt Simon Sandstone and increase the time it takes seismic waves to travel 

through the CO2 plume over time.  Both the acoustic impedance and travel time changes will be 

used to track CO2 plume during the PISC phase of the project.  In addition, time-lapse analysis 

metrics such as normalized root mean square (NRMS) and predictability can be used to track the 

plume. The time-lapse surface seismic data will also be monitored for changes that may suggest 

that CO2 has migrated past the confining layer and into the ACZ monitoring zone.   

At this time, no direct fluid sampling is planned for the injection zone for the PISC phase of the 

project. The CO2 plume is expected to intersect OBS1 within three years of the start of injection 

operations (Figure 2). Once free phase CO2 breaks through at OBS1, the project will stop taking 

fluid samples and analyzing for isotopes from the Mt Simon Sandstone.   

Table 6 presents the direct and indirect methods that will be used to monitor the pressure front. 
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Figure 2: Time-lapse CO2 plume development map over 3, 12, 20, and 30 years of injection as well as 10- and 50-years 

post injection. Note the relative stability of the CO2 plume radius after injection operations cease. 

 

Table 6. Post-injection phase pressure-front monitoring 

Target Formation 
Monitoring 

Activity 

Monitoring 

Location(s) 

Spatial 

Coverage 
Frequency 

Direct Pressure-Front Monitoring 

Mt Simon Sandstone Pressure 

Monitoring 

CCS1 

OBS1 

Exact depth TBD Continuous (Minimum 

every one (1) minute)* 

Indirect Pressure-Front Monitoring 

Eau Claire Formation 

Mt. Simon Sandstone 

Microseismic 

Monitoring 

Minimum 5 

Surface Stations 

Events within an 

8 mi radius of 

CCS1 

Continuous (Minimum 

every 10 seconds) 

*Downhole pressure is to be monitored continuously in both wells for two years, or until the BHP change in 

CCS1 is below the critical pressure (227 psi), whichever occurs later. At this point, annual static gradient surveys 

will be collected from CCS1, and pressure monitoring will cease in OBS1.  

 

The downhole pressure sensors will be programmed to measure and record pressure and 

temperature data in one-minute intervals. The downhole pressure will be monitored in both wells 

for two years, or until the bottom hole pressure change in CCS1 is below the critical pressure 

(227 psi), whichever occurs later. After this time, annual static gradient surveys will be collected 

from CCS1 via wireline, and pressure monitoring will cease in OBS1.  
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Should either of the well’s BHP gauge fail during the first two-year period, positive pressure 

readings at the wellhead will be used to verify continued pressure fall-off until the gauge can be 

replaced. Should positive pressure at the wellhead no longer be present, a suitable, periodic 

method of determining hydrostatic fluid level (i.e., shooting fluid levels or similar method) will 

be used to calculate the BHP until the gauge can be replaced.  

The final monitoring interval in both wells will be determined after CCS1 has been drilled and 

the well logs have been analyzed (Attachment 5: Pre-Op Testing Program, 2022). 

The results of the aqueous geochemistry and isotope analysis, PNL, and time-lapse 3D surface 

seismic data will all be integrated to develop a comprehensive understanding of the CO2 plume 

behavior during the PISC phase. PNL and time-lapse 3D surface seismic data can be 

incorporated into the static model for comparison to the computational modeling predictions at 

different points in time.  The data can be used to constrain the computational modeling results 

and produce better plume predictions over the course of the project.  

The PNL data will be used to calibrate the computational modeling and provide information on 

the vertical and horizontal plume behavior as well as supply more detailed and direct 

measurement of CO2 saturations than indirect seismic methods.  The time-lapse 3D surface 

seismic data will be used to update the models after the data has been analyzed.  If the CO2 

plume monitoring data diverges significantly from the modeled plume predictions, it may result 

in a reassessment of the AoR as per the AoR and Corrective Action Plan (Attachment 2: AoR 

and Corrective Action, 2022). 

Based on the current computational modeling results, the CO2 plume is expected to stabilize 

quickly during the PISC phase of the project (Figure 2).  Time-lapse 3D surface seismic surveys 

acquired during Q2 in Year 0 and Year 8 of the PISC phase of the project will demonstrate the 

stabilization of the CO2 plume and be used to verify the computational modelling results.   

3.3 Schedule for Submitting Post-Injection Monitoring Results [40 CFR 

146.93(a)(2)(iv)] 

All PISC monitoring data and results obtained using the methods described above will be 

submitted to EPA in annual reports. These reports will contain information and data generated 

during the reporting period (i.e., well-based monitoring data, sample analysis,  

and results from updated site models). 

4.0 Alternative PISC Timeframe [40 CFR 146.93(c)] 

The project will conduct post-injection monitoring for a ten-year period following the cessation 

of injection operations. A justification for this alternative PISC timeframe is provided following.  

4.1 Computational Modeling Results – 40 CFR 146.93(c)(1)(i) 

The CO2 plume is expected to expand to 1.646 miles after 30 years of injection (Figure 2).  It 

will continue to expand to 1.690 miles after 50 years post injection due to the buoyancy of the 

CO2.  Gas trapping and CO2 dissolution in water will continue to increase over time and will 

mitigate the buoyancy effect to some extent.  Expansion after 50-years post injection is 

negligible.  Additional figures and cross sections on the CO2 plume development can be found in 

(Attachment 2: AoR and Corrective Action, 2022).  
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The kv/kh (vertical/horizontal permeability) ratio is a key uncertainty given the lack of deep well 

data in the region. From pressure transient analysis of well test data from the INEOS (BP Lima) 

UIC Project, it was estimated that kv/kh is approximately 0.003.  Sensitivity cases were run with 

kv/kh values equal to 0.01 and 0.1 (Figure 3). The individual simulations indicated that the CO2 

plume would be smaller with increasing values of kv/kh (Table 7). As kv/kh values increase the 

rate of vertical migration of the CO2 is higher resulting in more residual gas trapping. A very low 

kv/kh would be representative of a higher number of baffles in the formation that would prevent 

upward migration of the CO2 and encourage horizontal migration.  Currently, it is believed that 

the value 0.003 is a realistic but conservative estimate given the results from the INEOS (BP 

Lima) UIC Project. These results will be re-assessed once as site specific data is collected over 

the pre-operational and operational phases of the project.  

Table 7: Impact of varying kv/kh values on the CO2 plume radius 

Kv/kh CO2 Plume Radius (mi) 

0.003 1.32 

0.01 1.23 

0.1 1.02 
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Figure 3: Effect of kv/kh ratio on CO2 plume size.  Increasing kv/kh results in smaller CO2 plume size 

 as a result of higher rates of residual gas trapping. a. kv/kh = 0.003, b. kv/kh = 0.01, c. kv/kh = 0.1 

 

  

 

 

 

a. kv/kh = 0.003 

b. kv/kh = 0.01 

c. kv/kh = 0.1 
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4.2 Predicted Timeframe for Pressure Decline – 40 CFR 146.93(c)(1)(ii) 

The pressure plume is irregular in shape due to the heterogeneity and dip of the injection zone. 

The maximum radius of the pressure plume is calculated to be 1.69 miles after 30 years of 

injection based on a delta pressure of 227 psi (Attachment 2: AoR and Corrective Action, 2022).  

The computational modeling results show a rapid decline in the size of the pressure plume once 

injection operations cease (Figure 4 and Figure 5). Figure 4 demonstrates that there are no grid 

blocks with delta pressure equal to or greater than the minimum delta pressure of 227 psi after a 

period of two years. Figure 5 shows the margin between the sustained and maximum bottomhole 

flowing pressure (BHFP) to be about 600 psi, and the BHFP declines rapidly post injection.    

The pressure plume decline is sensitive to the average flow capacity (kh) of the injection site.  A 

higher kh would result in a more rapid decline, while a lower kh would result in a slower decline.  

In any event, the decline period is expected to be short based on the current computational 

modeling.     

 

Figure 4: Delta pressure at time = 0-, 30-, 365-, and 730-days post injection.  The pressure plume,  

which is defined by a delta p of 227 psi, is undetectable at 730-days post injection. 
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Figure 5: CO2 injection rate, cumulative production, and BHFP for injection well  

during injection period and 50 years post injection.   

4.3 Predicted Rate of Plume Migration – 40 CFR 146.93(c)(1)(iii) 

The maximum spatial extent of the CO2 plume occurs 50 years post injection with a radius of 

1.690 miles. The CO2 plume migration rate varies with time; however, on average, the plume 

migration rate during the injection period is 0.044 miles/year or 232 ft/yr. The average post 

injection plume migration rate is 0.002 miles/yr or 10.6 ft/yr. After 50 years post injection, the 

CO2 plume migration rate is effectively zero. The primary factors affecting CO2 plume migration 

are the storativity (porosity-height), flow capacity (permeability-height, kh), and the kv/kh ratio 

of the formation at the injection well site.  

Sensitivities to kv/kh were discussed in Section 4.2. A small decrease in flow capacity is not 

expected to have an impact on the required rate of 450 kilotons per year (kT/Y) because the 

difference between the estimated and maximum BHFP in the base case is considerable (~600 

psi). If the storativity is smaller, then a slightly larger CO2 plume would result, as the increase in 

plume radius is approximately equal to the square root of the reciprocal of the storativity. For 

example, if the storativity is reduced by 25%, the CO2 plume radius would be 15% larger. A CO2 

plume with a 1.94 mile radius would still fall well within the current AoR radius of 2.26 miles.    

4.4 Site-Specific Trapping Processes – 40 CFR 146.93(c)(1)(iv)-(vi) 

The primary trapping mechanisms considered for this project are structural, residual gas, CO2 

dissolution in water, and mineral dissolution and precipitation. Figure 6 illustrates how the 

impact of each trapping mechanism changes with time according to the results of the 

computational modeling. 

Initially, a large percentage, 61%, of the supercritical CO2 injected will be trapped in the 

injection zone by the confining layer. Gas in hydrocarbon reservoirs has been known to have 

been trapped for millions of years providing confidence that long-term storage is possible in 

formations with a competent seal. Confining layer integrity and containment is a critical 

component of a CO2 storage project. The computational modeling incorporated geomechanical 

information from INEOS (BP Lima) UIC Project to predict the increase in pressure on the 

confining zone within the pressure plume to assess the suitability of the confining zone 

(Attachment 1: Narrative, 2022). The estimated effective stress for the top of the injection zone/ 
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base of the confining zone is 966 psi while the increase in pressure associated with 30 years of 

CO2 injection is approximately 378 psi.  This indicates that the confining zone is a suitable 

barrier to fluid migration out of the injection zone over a 30-year period.  

Residual gas trapping occurs when the CO2 is carried by convection currents away from the 

wellbore and begins to rise due to gravity segregation between the CO2 and water.  The CO2 can 

become discontinuous in small pore spaces and residual amounts are trapped. The computational 

modeling estimated that 17% of the CO2 injected would be trapped through residual gas trapping 

by the end of the injection period; however, over time a significant percentage of the total 

injected CO2 is trapped through this mechanism (Figure 6). Initially, the water saturation in the 

pore space decreases as CO2 is injected (drainage) but increases as CO2 migrates upwards 

(imbibition).  The imbibition relative permeability curve is different from the drainage relative 

permeability curve; this difference is known as relative permeability hysteresis.  Hysteresis 

modeling data for a two-phase system involves a bounding drainage curve, Krg, and a trapping 

mechanism function with associated parameters.  The trapping function determines the 

bounding/scanning imbibition curves.  The computational modeling used the Carlson and Land 

model for the residual gas trapping calculations. 

Gas solubility trapping is a slower process than residual gas trapping but is also an important 

mechanism in long-term storage. The computational modeling estimated that 22% of the CO2 

injected would be trapped by this mechanism by the end of the injection period (Figure 6). 

Solubility trapping is dependent on pressure, temperature, salinity, and surface area contact with 

the water.  The percentage of gas trapped by dissolution increases significantly over time.  The 

solubility correlations are based on Henry’s Law, and various models are available in the 

modeling software including Li-Nghiem and Harvey.  The effect of salinity can be modeled by 

either the Cramer or Bakker correlations. 

Mineral dissolution and precipitation reactions are very slow, and it is estimated that significant 

amounts of trapping will occur only after hundreds or thousands of years post injection.  In this 

study, anorthite, calcite, and kaolinite were considered as precipitates. After 100-years post 

injection, the mineralization of CO2 accounted for only 0.4% of the total gas trapped.  Figure 7 

shows the mole change of each mineral over time.     

It has been speculated, and generally accepted by the CCS community, that over a period of 

10,000 years 90% of the injected CO2 will be immobilized in the injection zone because of the 

mechanisms described above.  The remaining 10% will continue to be trapped by the confining 

layer until eventually all the CO2 becomes immobile. 
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Figure 6: Breakdown of CO2 mols for free phase supercritical, dissolved, and trapped phases during the injection period 

and 100 years post injection.  Mineralization is negligible during this period. 

 

 

Figure 7: Mineral mole change over time for anorthite, calcite, and kaolinite.  Initially, calcite is dissolved, but then starts 

to precipitate again and becomes the primary mineral trapping mechanism. Mineralization becomes an important 

trapping mechanism over thousands of years (not shown) post injection.   
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4.5 Confining Zone Characterization – 40 CFR 146.93(c)(1)(vii) 

The Eau Claire Shale will serve as a competent confining zone for the project and supports the 

demonstration of the alternative PISC timeframe based on the following characteristics: 

• It is predicted to be approximately 487 ft thick at the project site, 

• It is laterally extensive and extends across Indiana, Ohio, and Illinois, as well as parts of 

Kentucky, 

• It has relatively consistent formation properties (facies, porosity, and permeability) across 

the region, 

• It displays only minor variation in thickness, 

• It is not penetrated by any known major faulting. 

Based on a CO2 plume with a maximum radius of 1.69 mi 50 years post injection, the CO2 plume 

is only expected to contact an area of the confining zone approximately 8.97 mi2 in size. Current 

knowledge of the Eau Claire Shale does not indicate that it will be reactive with the injected 

CO2, and it is not anticipated that prolonged contact with CO2 will compromise the integrity of 

the formation. The geomechanical modeling indicates that the pressure exerted on the confining 

zone within the AoR will not be high enough to compromise the integrity of the formation even 

if the project were to inject at much higher annual rates (Section 4.4). In the post injection phase 

of the project, injection zone pressures are predicted to decline quickly and return to pre-

injection levels within two years. The risks to confining zone integrity will also decrease 

significantly as injection zone pressures decrease. 

The Project Narrative and the AoR and Corrective Action Plan include further information on the 

site characterization and computational modeling work that has been completed to support the 

project (Attachment 1: Narrative, 2022; Attachment 2: AoR and Corrective Action, 2022). As 

site specific data is collected through the Pre-Operational Testing Program the static and 

computational modeling will be updated, and the conclusions regarding the confining zone 

suitability will be verified or re-evaluated.  

4.6 Assessment of Fluid Movement Potential – 40 CFR 146.93(c)(1)(viii)-(ix) 

The existing two-dimensional (2D) surface seismic data does not indicate that there are any 

faults in the immediate area that impact the confining zone (Attachment 1: Narrative, 2022). 

There are no known artificial penetrations of the confining zone within the project AoR. The 

closest well (IGWS #144601) that penetrates the Mt. Simon Sandstone is approximately 13 mi to 

the southwest of the proposed location for CCS1. As a result, no corrective action has been 

planned for the project. The requirement for corrective active will be re-assessed should the AoR 

change over the course of the project.  

The deepest well (IN144860) is located approximately 1.5 mi southwest from the proposed 

CCS1 location and reached a depth of 2,310 ft, which is more than 300 feet above the estimated 

top of the Eau Claire Shale (Figure 8). The Indiana Department of Natural Resources (IDNR) 

plans to plug this well in 2022. The project plans to monitor the wellhead pressure of ACZ1 and 

take fluid samples from an ACZ interval within the Knox Formation during the injection and 
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PISC phases of the project. If any indicators of injection formation fluids are identified within 

the ACZ monitoring interval, the project wells will be investigated for any potential well 

integrity issues. It is expected that any migration of injection zone fluids into the ACZ 

monitoring interval will be identified before any injection zone fluids can intersect one of the 

Knox Formation well penetrations. 

Figure 9 shows the distribution of shallow groundwater wells in the AoR. The project will 

continue to monitor a subset of shallow groundwater wells distributed around the for indications 

that injection zone fluids have migrated past the confining layer during the PISC phase on an 

annual basis.  

 

 

Figure 8: Deep well penetrations within the AoR. The deepest well penetration is IN144860  

that reaches a depth of 2,310 ft into the Knox Formation. 

 

O&G well converted to water 
well

Plugged and Abandoned

Active
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Figure 9: Shallow groundwater and oil and gas wells that have been converted to groundwater wells in the AoR. 

 

When CCS1 is drilled and completed, the long string casing will be cemented to surface 

(Attachment 4: Well Construction, 2022). After cementing is complete, the cement integrity will 

evaluated along the length of the well using a cement bond log with radial arms, and an 

ultrasonic cement evaluation tool will be used to evaluate the cement through the injection zone, 

confining layer, and ACZ interval (Attachment 5: Pre-Op Testing Program, 2022).   

Through the injection phase of the project, the well integrity of CCS1 will regularly be assessed 

through continuous wellhead pressure (calibrated using downhole pressure measurements), 

annular pressure and fluid volume, annual mechanical integrity tests, and periodic pressure fall-

off tests (Attachment 7: Testing And Monitoring, 2022). During the PISC phase of the project, 

the well integrity of CCS1 will continue to be monitored through continuous wellhead pressure 

(and downhole pressure as stipulated in previous sections), and temperature logging every five 

years (Table 1). PNL will also be used every second year to identify any CO2 accumulations 

adjacent to the wellbore in CCS1. 

  

O&G well converted to water 
well

Plugged and Abandoned

Active
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4.7 Location of USDWs – 40 CFR 146.93(c)(1)(x) 

As discussed in detail in the Project Narrative and Financial Assurance sections, the Mt Simon 

Sandstone is approximately 2,709 feet below the lowermost USDW that is estimated to be at a 

depth of 450 ft (Attachment 1: Narrative, 2022; Attachment 3: Financial Assurance, 2022). The 

current estimated depth of the lowermost USDW is based on the 144860 well noted above and 

IDNR (Attachment 1: Narrative, 2022). Most of the shallow groundwater use in the area occurs 

at depths between 100 and 250 feet.  

During the post injection phase of this project, the vertical extent of injected CO2 is relatively 

consistent, and the CO2 is expected to remain in the injection zone. 

5.0 Non-Endangerment Demonstration Criteria 

Prior to approval of the end of the post-injection phase, One Carbon Partnership, LLC (OCP) will 

submit a demonstration of non-endangerment of USDWs to the UIC Program Director, per 40 

CFR 146.93(b)(2) and (3).  

The owner or operator will issue a report to the UIC Program Director. This report will make a 

demonstration of USDW non-endangerment based on the evaluation of the site monitoring data 

used in conjunction with the project’s computational model. The report will detail how the non-

endangerment demonstration evaluation uses site-specific conditions to confirm and demonstrate 

non-endangerment. The report will include all relevant monitoring data and interpretations upon 

which the non-endangerment demonstration is based, model documentation and all supporting 

data, and any other information necessary for the UIC Program Director to review the analysis. 

The report will include the following sections: 

5.1 Introduction and Overview 

A summary of relevant background information will be provided, including the operational 

history of the injection project, the date of the non-endangerment demonstration relative to the 

post-injection period outlined in this PISC and Site Closure Plan, and a general overview of how 

monitoring and modeling results will be used together to support a demonstration of USDW non-

endangerment. 

5.2 Summary of Existing Monitoring Data 

A summary of all previous monitoring data collected at the site, pursuant to the Testing and 

Monitoring Plan and this PISC and Site Closure Plan, including data collected during the 

injection and post-injection phases of the project, will be submitted to help demonstrate non-

endangerment (Attachment 7: Testing And Monitoring, 2022). Data submittals will be in a 

format acceptable to the UIC Program Director [40 CFR 146.91(e)], and will include a narrative 

explanation of monitoring activities, including the dates of all monitoring events, changes to the 

monitoring program over time, and an explanation of all monitoring infrastructure that has 

existed at the site. Data will be compared with baseline data collected during site characterization 

[40 CFR 146.82(a)(6) and 146.87(d)(3)]. 



Plan revision number: N/A 

Plan revision date: N/A 

Attachment 9: Post-Injection Site Care and Site Closure Plan; Hoosier #1 Project 

Permit Number: Not Yet Assigned Page 25 of 33 

 

5.3 Summary of Computational Modeling History 

The computational modeling demonstrates non-endangerment of USDWs in several ways: 

• CO2 plume stabilizes quickly once injection operations cease, 

• Injection zone pressures decline rapidly once injection operations cease and will fall 

below the delta pressure of 227 psi after two years, 

• Residual gas and gas solubility trapping of the CO2 will increase with time and trap the 

CO2 more effectively than structural trapping alone 

• Geomechanical modeling shows that integrity of the confining layer will be maintained 

even at much higher annual injection rates. 

 

Table 8 summarizes the monitoring data that will be used to verify and calibrate the 

computational modeling and support the demonstration of non-endangerment of USDWs.  

 

Table 8: Summary of monitoring data that will be used to verify and calibrate the computational modeling  

and support the demonstration of non-endangerment of USDWs 

Monitoring Data Location Demonstration of Non-Endangerment 

Injection Zone Pressure 
CCS1 

OBS1 

Monitor and verify that injection zone 

pressures are declining as predicted 

PNL OBS1 
Monitor vertical plume development adjacent 

to OBS1 

Time-lapse 3D Surface 

Seismic Data 

Area sufficient to image an 

8.97 mi2 plume 

Stabilization of the CO2 plume once injection 

operations cease 

Microseismic Monitoring 
Events within an 8 mi radius 

of CCS1 

Decrease in induced seismic events will 

demonstrate declining pressures in the 

injection zone 

 

The monitoring data will be compared predicted properties from the computational model such 

as vertical and horizontal plume location, rate of movements, and pressure decline. These data 

will verify that the computational model predictions accurately represent CO2 and pressure 

plume behavior and can be used as a proxy for future plume behavior. The monitoring and 

modeling results will be compared using maps and graphs of the CO2 and pressure plume 

development over time. If there is major disagreement between monitoring and modeling results 

at the time of the demonstration, the models will be updated to reflect the monitoring results. 
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5.4 Evaluation of Reservoir Pressure 

Injection zone pressures will be monitored on a continuous basis in CCS1 and OBS1 (Table 8) 

until the pressure change is below the critical pressure rise, or after two years, whichever 

happens later. At that point, static gradient surveys will be performed annually in CCS1. BHP 

will no longer be monitored in OBS1. Injection zone pressures are predicted to decay below the 

delta pressure of 227 psi in the first two years after injection operations cease. Pressure decreases 

predicted by the model can be compared to the monitor data at regular intervals to verify and 

calibrate the model during the PISC phase.  

If microseismic events are generated because of the CO2 injection operations, it is expected that 

the rate of the events generated will decrease as injection zone pressure decreases. The rate of 

microseismic activity will provide further qualitative information about the decrease in pressure 

throughout the injection zone during the PISC phase. 

Increased pressure in the injection zone is one of the main drivers for fluid migration through the 

confining layer through conduits such as well penetrations.  As the injection zone pressure 

decreases during the PISC phase so too will the risk of fluid migration out of the injection zone 

and the potential risk to USDWs. 

5.5 Evaluation of CO2 Plume 

Table 8 summarizes the monitoring data that will be used to evaluate the extent of the CO2 

plume every second year starting in Year 1 of the PISC phase. PNL logging will be used to 

monitor the distribution and saturation of CO2 adjacent to the wellbore OBS1. In CCS1, it is 

expected that the near wellbore zone will be saturated with CO2 and the plume will take up the 

entire injection zone, so there will be little value in running the PNL through the injection zone. 

However, the PNL will be run through the ACZ monitoring zone to verify that there are no 

accumulations of CO2 adjacent to the wellbore above the confining layer in CCS1.  

The time-lapse 3D surface seismic data will be acquired in Year 0 and Year 8 of the PISC phase.  

Data from these surveys will be used demonstrate the stabilization of the CO2 plume predicted 

by the computational modeling once injection ceases. The data will also be used to confirm the 

continued absence of any accumulations of CO2 above the confining zone within the AoR. 

5.6 Evaluation of Emergencies or Other Events 

Table 9 provides a summary of the monitoring data that will be used to demonstrate that 

injection zone fluids have not migrated above the confining layer; this includes CO2 or brines. 

Data acquired through the injection and PISC phases of the project will be compared to the 

baseline data gathered for the project to ensure that there are no indications that injection zone 

fluids have migrated into the ACZ monitoring interval or to the lowermost USDW. If the PISC 

monitoring data shows no significant changes from the baseline data, it will demonstrate the 

integrity of the confining layer and that injection zone fluids are not an endangerment to 

USDWs. 
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Table 9: Summary of monitoring data that will be used to demonstrate of non-endangerment of USDWs  

above the confining zone 

Monitoring Data Location Demonstration of Non-Endangerment 

ACZ Pressure ACZ1 
• No pressure increases that could indicate fluid 

migration out of injection zone 

ACZ Fluid Sampling ACZ1 

• No geochemical indicators of fluid migration 

out of injection zone 

• Includes changes to salinity 

Lowermost USDW Fluid 

Sampling 
USDW1 

• No geochemical indicators of fluid migration 

out of injection zone 

Temperature Logging 
CCS1 

OBS1 

• No CO2 migration along the wellbores 

PNL 
CCS1 

OBS1 

• No CO2 accumulations adjacent to wellbores 

• No increase in salinity adjacent to wellbores  

Time-lapse 3D Surface 

Seismic Data 

Area sufficient to image 

an 8.97 mi2 plume 

• Verify the absence of CO2 accumulations 

Microseismic Monitoring 
Events within an 8 mi 

radius of CCS1 

• Monitor for microseismic events in the 

confining layer that might indicate issues  

with confining zone integrity 

 

The closest artificial penetration to the project wells in the injection zone is N14601 that is 

approximately 13 mi to the southwest. The maximum extent of the CO2 and pressure plumes is 

predicted to be 1.69 mi over the life of the project, so the closest well will still be approximately 

11.31 mi away from the maximum plume extents. No other conduits for fluid flow beyond the 

confining layer have been identified in the AoR at this time. 

The well integrity of the CCS1 will be thoroughly assessed during the Pre-Operational Testing 

Program using Cement Bond Logs and Variably Density Logs (CBL-VDL) as well as ultrasonic 

cement evaluation tools that will be run specifically over the injection zone, confining layer, and 

ACZ monitoring interval (Attachment 5: Pre-Op Testing Program, 2022).  

During the injection phase, the well integrity of CCS1 will be continuously monitored using 

wellhead pressure gauges and annular pressure and fluid volume levels for any indications that 

there may be problems (Attachment 7: Testing And Monitoring, 2022). Wellhead and downhole 

pressures will continue be monitored in CCS1 during the PISC phase. The project will continue 

to run temperature logs at a maximum of every five years, and PNL logs every second year 

starting in Year 1 to ensure that CCS1 and OBS1 are not providing a conduit for injection zone 

fluids to migrate above the confining layer.  

The Emergency and Remedial Response Plan (ERRP) includes further discussion of how 

emergencies or other events will be addressed by the project (Attachment 10: ERRP, 2022). 
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6.0 Site Closure Plan 

OCP will conduct site closure activities to meet the requirements of 40 CFR 146.93(e) as 

described below. Cardinal Ethanol will submit a final Site Closure Plan and notify the permitting 

agency at least 120 days prior of its intent to close the site. Once the permitting agency has 

approved closure of the site, OCP will plug the monitoring wells and submit a site closure report 

to EPA. The activities, as described below, represent the planned activities based on information 

provided to EPA. The actual site closure plan may employ different methods and procedures. A 

final Site Closure Plan will be submitted to the UIC Program Director for approval with the 

notification of the intent to close the site.  

6.1 Plugging Monitoring Wells 

As discussed in the testing and monitoring section of the application, there will be several 

dedicated monitoring wells. Of those presented in the section, the OBS1 and ACZ1 wells  

will be plugged as part of the site closure process.  

This subsection serves to provide the methods and procedures that will be utilized to plug each  

of the wells. In addition to discussing the methodology and procedures to be utilized, schematics 

displaying the anticipated layout of the well following completion of the plugging and 

abandonment (P&A) operations are provided. The cost estimates developed for these activities 

are provided in the Financial Assurance section of this application.  

6.1.1 OBS1 Plugging and Abandonment 

The techniques used to P&A OBS1 will be similar to those applied to the CCS1 well, as 

discussed in the P&A section for the injection well (Attachment 8: Well Plugging, 2022). CO2 

resistant cement will be placed from the bottom of the well, to above the confining zone, then 

normal cement will be placed above that.  

Cement volumes are anticipated to be lower than those used for the injection well as OBS1 will 

use smaller sized tubulars. The cement volumes to be used to P&A the OBS1 well will be 

finalized following the installation of the well.  

A figure displaying the proposed P&A schematic for OBS1 is provided in Figure 10. 
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Figure 10. OBS1 Well Plugging and Abandonment Schematic 
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6.1.2 ACZ1 Plugging and Abandonment 

The techniques used to P&A ACZ1 will be similar to those applied to OBS1 and CCS1 above 

the confining zone (Attachment 8: Well Plugging, 2022). Normal cement will be placed from the 

bottom of the well to surface.  

Cement volumes are anticipated to be lower than those used for the injection well as ACZ1 will 

use smaller sized tubulars. The cement volumes to be used to P&A the ACZ1 well will be 

finalized following the installation of the well.  

A figure displaying the P&A schematic for ACZ1 is provided in Figure 11. 

  



Plan revision number: N/A 

Plan revision date: N/A 

Attachment 9: Post-Injection Site Care and Site Closure Plan; Hoosier #1 Project 

Permit Number: Not Yet Assigned Page 31 of 33 

 

Figure 11: ACZ1 Well Plugging and Abandonment Schema 
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6.2 Site Closure Report 

In accordance with 40 CFR 146.93(f), a site closure report will be prepared and submitted within 

90 days following site closure, documenting the information required by 40 CFR 146.93(f), as 

applicable, including but not limited to the following: 

• Plugging of the verification and geophysical wells (and the CCS1 if it has not previously 

been plugged), 

• Location of sealed CCS1 on a plat of survey that has been submitted to the local zoning 

authority, 

• Notifications to state and local authorities as required at 40 CFR 146.93(f)(2), 

• Records regarding the nature, composition, and volume of the injected CO2, and 

• Post-injection monitoring records. 

In accordance with 40 CFR 146.93(g), OCP will record in the real property records of the county 

where the project is located notice of the property tracts integrated for the storage facility and 

proper notice of the CCS1 well that will include the following: 

• That the property was used for CO2 sequestration, 

• The name of the local (state, federal, etc.) agency to which a plat of survey with CCS1 

location was submitted, 

• The volume of fluid injected, 

• The formation into which the fluid was injected, and 

• The period over which the injection occurred. 

In accordance with 40 CFR 146.93(h), the site closure report will be submitted to the permitting 

agency (EPA) and maintained by the owner or operator for a period of 10 years following site 

closure. Additionally, the owner or operator will maintain the records collected during the post-

injection period for a period of 10 years after which these records will be delivered to the UIC 

Program Director. 

6.3 Quality Assurance and Surveillance Plan  

The Quality Assurance and Surveillance Plan is presented in (Attachment 11: QASP, 2022).  
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ATTACHMENT 10: EMERGENCY AND REMEDIAL RESPONSE PLAN 

40 CFR 146.94(a) 

PROJECT HOOSIER #1 

 

 

Facility Information 

Project Name:  Hoosier #1 

 

Facility Name:  Cardinal Ethanol  

 

Facility Contact: Jeremey Herlyn, Project Manager  

Cardinal Ethanol 

 

Well Location:  1554 N. 600 E. 

Union City, IN 47390 

CO2 Injection Well Location for Cardinal CCS1 

Latitude  40.186587° 

Longitude -84.864284° 

 

Operator:  One Carbon Partnership, LP 

   1554 N. 600 E. 

Union City, IN 47390 
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1 Introduction 

This section of the permit application addresses the Emergency Remedial and Response Plan 

(ERRP) that One Carbon Partnership, LP (hereafter referred to as OCP) will implement for the 

Hoosier #1 Project. This ERRP describes the actions that OCP shall take to address and 

remediate mechanical integrity issues, seismic events, and other events that could allow for the 

movement of the injected fluid or formation brine in a manner that may endanger an 

underground source of drinking water (USDW) during the construction, operation, or post-

injection site care periods. 

The following events are identified as potential risk scenarios. These scenarios are discussed 

further in Section 2. These scenarios were identified and discussed as part of the Risk 

Assessment performed for the project.  

1. Proposed Injection Well (CCS1)/Deep Observation Well (OBS1) well integrity failure, 

2. CCS1/OBS1 monitoring equipment failure, 

3. Natural Disaster, 

4. Fluid (non-CO2) leakage into a USDW or surface, 

5. CO2 leakage into USDW or surface, 

6. Induced seismic event. 

In accordance with 40 CFR 146.94 (b), should OCP obtain evidence that the injected CO2 stream 

and/or associated pressure front may cause an endangerment to a USDW, OCP must perform the 

following actions: 

1. Initiate shutdown plan for the injection well. 

2. Take all steps reasonably necessary to identify and characterize any release. 

3. Notify the permitting agency (UIC Program Director) of the emergency event within 24 

hours. 

4. Implement applicable portions of the approved ERRP. 

Where the phrase “initiate shutdown plan” is used, the following protocol will be employed: 

OCP will immediately cease injection. However, in some circumstances, OCP will, in 

consultation with the UIC Program Director, determine whether gradual cessation of injection is 

appropriate.  
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2 Local Resources and Infrastructure  

Resources in the Area of Review (AoR) of the project that may be affected as a result of an 

emergency event at the project site include the shallow and lowermost USDWs as discussed in 

(Attachment 1: Project Narrative, 2022). 

These include: 

• Unconsolidated glacial till 

o New Castle Till Aquifer 

o Bluffton Till Aquifer 

• Maquoketa Shale 

In addition to these local aquifers, several surface bodies of water are also located within the 

AoR. These include: 

• Shelley Ditch,  

• Shelly Ditch, 

• Price Ditch, 

• Little Ditch, 

• White River, 

• Owl Creek, 

• Little Mississinewa River, 

• Several small unnamed reservoirs. 

Population centers and towns in the vicinity of the project that that may be affected as a result of 

an emergency at the project site include:  

• Harrisville 

• Portions of Union City   

• Wayne Township 

The Union City Water Treatment facilities lie outside of the AoR (approximately 0.75 and 0.80 

miles to the East). Major public infrastructure (parks, cemeteries, etc.) within the AoR includes: 

• Harter Park 

• Union City Swimming Pool 

• Union City Cemetery 

• Conklin Cemetery 

Resources and infrastructure addressed in this plan are shown in Figure 1. 
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Figure 1. Map of the site resources and infrastructure. 

  

 



Plan revision number: 1.0 

Plan revision date: July 4, 2022 

Attachment 10: Emergency And Remedial Response Plan; Project Hoosier #1 

Permit Number: Not Yet Assigned Page 8 of 23 

3 Potential Risk Scenarios  

The following events related to the project, as listed in Section 1, could potentially result in an 

emergency response: 

• CCS1/OBS1 well integrity failure, 

• Natural Disaster, 

• Fluid (non-CO2) leakage into a USDW 

• CO2 leakage into USDW, 

• Induced seismic event. 

Response actions will depend on the severity of the event(s) triggering an emergency response. 

“Emergency events” are categorized as shown in Table 1.  

Additional events have also been considered, but were accounted for in other sections, are not 

anticipated to occur, or will be accounted for without a formal plan.  

• Unanticipated emergency corrective action(s) needed on a well within the AoR 

o The ramifications of this have been addressed in the Financial Assurance section 

(Attachment 3: Financial Responsibility, 2022).  

o Corrective action will be performed on an as needed basis. These actions will 

likely vary by situation. Response actions, prior to corrective action, will likely be 

the same as those applied to a CO2 or non-CO2 leak into an aquifer.  

• CO2 exposure in capture or sequestration facility 

o Air quality monitors will be installed in enclosed spaces. Fans meant to remove 

the CO2 from these spaces will be activated if the CO2 rises above permissible 

exposure limits.  

• Metal leaching due to prolonged wetted CO2 exposure 

o Materials of contrsution confirmed to be suitable for long term corrosive loading 

will be utilized for this project 

Table 1. Degrees of risk for emergency events.  

Emergency Condition Definition 

Major emergency Event poses immediate substantial risk to human health, resources, or 

infrastructure. Emergency actions involving local authorities (evacuation or 

isolation of areas) should be initiated. 

Serious emergency Event poses potential serious (or significant) near term risk to human health, 

resources, or infrastructure if conditions worsen or no response actions taken.  

Minor emergency Event poses no immediate risk to human health, resources, or infrastructure. 

 

In addition to these scenarios, CCS1/OBS1 monitoring equipment failure has also been identified 

as a risk that is planned for, but may not require anything more than a remedial response. 
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4 Emergency Identification and Response Actions  

Steps to identify and characterize the event will be dependent on the specific issue identified, and 

the severity of the event. The potential risk scenarios identified in Part 2 are detailed below.  

Once equipment placement and location is finalized, a figure will be provided that displays the 

following: 

• Major facility components, 

• Project wells,  

• Monitoring equipment,  

• Emergency shut-down equipment, and 

• Flowlines.  

It is important to note that in major or serious events, certain actions may be taken to minimize 

the impact of such events before they are listed in the following action plans. Additionally, as 

part of the minimization of these events, emergency services may be contacted prior to any other 

actions taking place.  

Within this section, several mentions are made to evacuation plans. A formal evacuation plan 

will be provided as part of the final ERRP. Different evacuation plans will be provided for each 

of the following groups: 

• Non-key site personnel 

• Key site personnel 

• Offsite personnel 

In addition, primary and secondary muster points will be provided for each of these groups. This 

plan will be integrated with the current Cardinal facility evacuation plan. These plans will be 

provided as part of operator training and dispersed throughout the facility.  

In the event an emergency requires evacuating a separate part of the Cardinal facility, the well 

will be shut-in and secured as quickly and as safely possible.  

4.1 Well Integrity Failure (CCS1 or OBS1) 

Integrity loss of the injection well and/or verification well may endanger USDWs. Integrity loss 

may have occurred if the following events occur (note, this is not an exhaustive list): 

• Automatic shutdown devices are activated:  

o Wellhead pressure exceeds the maximum allowed injection pressure. 

▪ Note: high-high pressure limit will be set to 5% less than the maximum 

allowed injection pressure in the permit. 

o Bottomhole flowing pressure exceeds the maximum allowable bottom hole 

flowing pressure as calculated from the wellhead pressure. 

▪ Note: high-high pressure limit will be 5% less than the maximum allowed 

bottomhole pressure detailed in the permit. 

o Annulus pressure indicates a loss of external or internal well containment 

▪ The emergency shutdown points (as discussed in the Testing and 

Monitoring Section and Well Operations Section of this application) of     

-5 or 1,500 psi are exceeded. 
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o Note: pursuant to 40 CFR 146.94(b)(3), OCP must notify the UIC Program 

Director within 24 hours of any triggering of an emergency shutdown system. 

• Mechanical integrity test results identify a loss of mechanical integrity. 

o Note: pursuant to 40 CFR 146.94(b)(3), OCP must notify the UIC Program 

Director within 24 hours of a loss of mechanical integrity that could lead to 

endangerment of the USDW. 

 

Response actions: 

1. Notify the UIC Program Director within 24 hours of the emergency event, per 40 CFR 

146.94(b)(3).  

2. Determine the severity of the event, based on the information available, within 24 hours 

of notification. 

a. For a Major or Serious emergency: 

i. Initiate shutdown plan. 

1. Shut-in the well 

a. All necessary valves closed and locked out 

2. Vent CO2 from surface lines and facility as necessary 

3. Limit access to wellhead and surface facilities to only those 

authorized 

a. Caution tape and/or rope may be used to limit access to the 

well and facility 

4. Initiate evacuation plans (if necessary) 

a. Communicate at all times with Cardinal personnel and local 

authorities if evacuation is necessary 

5. Monitor wellhead pressure (tubing and annulus) and temperature 

as is feasible.  

a. This information should be used to assess the nature and 

extent of the mechanical integrity failure 

6. Identify appropriate remedial actions to repair damage to the well 

ii. If contamination is detected, identify and implement appropriate remedial 

actions. 

1. Potential actions are listed in the ERR portion Financial Assurance 

section of this application, and are dependent on the magnitude of 

any potential contamination (Attachment 3: Financial 

Responsibility, 2022).   

iii. Perform mechanical integrity test prior to bringing the well back online. 

b. For a Minor emergency: 

i. Assess the well to determine whether there has been a loss of mechanical 

integrity. 

ii. If a loss of mechanical integrity is present, initiate the shutdown plan. 

1. Shut-in the well 

a. All necessary valves closed and locked out 

2. Vent CO2 from surface lines and facility as necessary 

3. Limit access to wellhead and surface facilities to only those 

authorized  
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a. Caution tape and/or rope may be used to limit access to the 

well and facility 

4. Reset automatic shutdown devices 

5. Monitor wellhead pressure (tubing and annulus) and temperature 

as is feasible.  

a. This information should be used to assess the nature and 

extent of the mechanical integrity failure 

6. Identify appropriate remedial actions to repair damage to the well. 

iii. If contamination is detected, identify and implement appropriate remedial 

actions. 

1. Potential actions are listed in the ERR portion Financial Assurance 

section of this application, and are dependent on the magnitude of 

any potential contamination (Attachment 3: Financial 

Responsibility, 2022).   

iv. Perform mechanical integrity test prior to bringing the well back online. 

4.2 Well Monitoring Equipment Failure (CCS1 or OBS1) 

The failure of monitoring equipment for wellhead pressure, temperature, and/or annulus pressure 

may indicate a problem with the injection well that could endanger USDWs.  

This subsection covers the remedial response and procedures to be followed should one (or 

more) of the following monitoring sensors fail: 

• Injection Well (CCS1) 

o Wellhead injection pressure 

o Wellhead injection temperature 

o Annulus pressure 

o Annulus fluid volume 

o Injection flowrate 

• Deep Observation Well (OBS1) 

o Annulus pressure 

o Annulus fluid volume 

Response actions: 

1. Determine the impact of the event, based on the information available, within 24 hours of 

the event occuring. At this time, the impact of the loss of monitoring equipment should 

be assessed, and a viable alternative method should be determined and implemented.  

a. Assess the well to determine whether there has been a loss of mechanical integrity 

associated with the failure of a piece of monitoring equipment. 

b. If a loss of mechanical integrity is not present, assess the impact the loss of 

monitoring equipment could have on operations.  

i. If the impact is neglible, implement the viable alternative method of 

monitoring determined during the initial assessment.  

ii. Plans to replace the equipment should consider replacing the equipment as 

soon as is feasible based on operational conditions and suitability of the 

alternative method of monitoring. 
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iii. Provide details of the equipment failure, the alternative method of 

monitoring, and impact to continuous data collection to the UIC Program 

Director as part of the routine operational reporting. 

c. If a loss of mechanical integrity is present, initiate the shutdown plan. 

i. Notify the UIC Program Director within 24 hours of the event, per 40 CFR 

146.94(b)(3) 

ii. Shut-in the well 

1. All necessary valves closed and locked out 

iii. Vent CO2 from surface lines and facility as necessary 

iv. Limit access to wellhead and surface facilities to only those authorized  

1. Caution tape and/or rope may be used to limit access to the well 

and facility 

v. Reset automatic shutdown devices 

vi. Monitor wellhead pressure (tubing and annulus) and temperature as is 

feasible.  

1. This information should be used to assess the nature and extent of 

the mechanical integrity failure 

2. Note that alternative methods of monitoring may need to be 

implemented at this time.  

vii. Identify appropriate remedial actions to repair damage to the well. 

viii. If contamination is detected, identify and implement appropriate remedial 

actions. 

1. Potential actions are listed in the ERR portion Financial Assurance 

section of this application, and are dependent on the magnitude of 

any potential contamination (Attachment 3: Financial 

Responsibility, 2022).   

ix. Perform mechanical integrity test prior to bringing the well back online. 

 

4.3 Natural Disaster 

Disturbance or damage as a result of a natural disaster may impact the normal operation of the 

project. A non-exhaustive list of examples of such potential events and the impact to the project 

they may cause are: 

• An earthquake damages compression equipment and causes an integrity issue with the 

CO2 flowline, 

• Lightning strikes the wellhead and damages all surface monitoring equipment, 

• Severe flooding (i.e., 100-year flood) limits access to the well or injection facility. 

These events may impact or damage the ability to properly operate the well or utilize the facility 

for the intended purposes of the project.  

If a natural disaster occurs that affects normal operation of the injection well, perform the 

following: 

Response actions: 
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1. Notify the UIC Program Director within 24 hours of the emergency event, per 40 CFR 

146.94(b)(3). 

2. Determine the severity of the event, based on the information available, within 24 hours 

of notification. 

a. For a Major or Serious emergency: 

i. Initiate shutdown plan. 

1. Shut-in the well 

a. All necessary valves closed and locked out 

2. Vent CO2 from surface lines and facility as necessary 

3. Limit access to wellhead and surface facilities to only those 

authorized 

a. Caution tape and/or rope may be used to limit access to the 

well and facility 

4. Initiate evacuation plans (if necessary) 

a. Communicate at all times with Cardinal personnel and local 

authorities if evacuation is necessary 

5. Monitor wellhead pressure (tubing and annulus) and temperature 

as is feasible.  

a. This information should be used to assess the nature and 

extent of the mechanical integrity failure 

6. Identify appropriate remedial actions to repair damage to the well 

ii. Determine if any leaks of fluid have occurred due to the natural disaster 

1. If contamination is detected, identify and implement appropriate 

remedial actions. 

2. Potential actions are listed in the ERR portion Financial Assurance 

section of this application, and are dependent on the magnitude of 

any potential contamination (Attachment 3: Financial 

Responsibility, 2022).   

iii. Perform mechanical integrity test prior to bringing the well back online. 

b. For a Minor emergency: 

i. Assess the well to determine whether there has been a loss of mechanical 

integrity. 

ii. If a loss of mechanical integrity is present, initiate the shutdown plan. 

1. Shut-in the well 

a. All necessary valves closed and locked out 

2. Vent CO2 from surface lines and facility as necessary 

3. Limit access to wellhead and surface facilities to only those 

authorized  

a. Caution tape and/or rope may be used to limit access to the 

well and facility 

4. Reset automatic shutdown devices 

5. Monitor wellhead pressure (tubing and annulus) and temperature 

as is feasible.  

a. This information should be used to assess the nature and 

extent of the mechanical integrity failure 
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6. Identify appropriate remedial actions to repair damage to the well. 

iii. Determine if any leaks of fluid have occurred due to the natural disaster 

1. If contamination is detected, identify and implement appropriate 

remedial actions. 

2. Potential actions are listed in the ERR portion Financial Assurance 

section of this application, and are dependent on the magnitude of 

any potential contamination (Attachment 3: Financial 

Responsibility, 2022).   

iv. Perform mechanical integrity test prior to bringing the well back online. 

4.4 Non CO2 (Brine) Fluid Leakage into USDW or Surface 

Elevated concentrations of indicator parameter(s) in groundwater sample(s) or other evidence of 

fluid (brine) leakage into a USDW. 

Response actions: 

1. Notify the UIC Program Director within 24 hours of the emergency event, per 40 CFR 

146.94(b)(3). 

2. Determine the severity of the event, based on the information available, within 24 hours 

of notification. 

3. For all emergencies (Major, Serious, or Minor): 

a. Shut-in the well 

i. All necessary valves closed and locked out 

b. Vent CO2 from surface lines and facility as necessary 

c. Collect confirmation sample(s) of groundwater and perform groundwater 

constituent analysis to determine elevated parameters 

i. The parameters to be tested are provided in the testing and monitoring 

plan (Attachment 7: Testing And Monitoring, 2022).  

ii. If the presence of indicator parameters are confirmed, develop (in 

consultation with the UIC Program Director) a case-specific work plan to:  

1. Potential actions are listed in the ERR portion Financial Assurance 

section of this application, and are dependent on the magnitude of 

any potential contamination (Attachment 3: Financial 

Responsibility, 2022).   

d. The following plan of action may be initiated should drinking water be negatively 

impacted: 

i. Potential actions are listed in the ERR portion Financial Assurance section 

of this application, and are dependent on the magnitude of any potential 

contamination (Attachment 3: Financial Responsibility, 2022).   

e. Continue groundwater remediation and monitoring on a frequent basis (frequency 

to be determined by OCP and the UIC Program Director) until unacceptable 

adverse USDW impact has been fully addressed.  
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4.5 CO2 Leakage into USDW or Surface 

Elevated concentrations of indicator parameter(s) in groundwater sample(s) or other evidence of 

CO2 leakage into a USDW. 

Response actions: 

1. Notify the UIC Program Director within 24 hours of the emergency event, per 40 CFR 

146.94(b)(3). 

2. Determine the severity of the event, based on the information available, within 24 hours 

of notification. 

3. For all emergencies (Major, Serious, or Minor): 

a. Shut-in the well 

i. All ball valves closed and locked out 

b. Vent CO2 from surface lines and facility as necessary 

c. Collect confirmation sample(s) of groundwater and perform routine analysis to 

determine elevated parameters 

i. The parameters to be tested are provided in the testing and monitoring 

plan.  

ii. If the presence of indicator parameters are confirmed, develop (in 

consultation with the UIC Program Director) a case-specific work plan to:  

1. Potential actions are listed in the ERR portion Financial Assurance 

section of this application, and are dependent on the magnitude of 

any potential contamination (Attachment 3: Financial 

Responsibility, 2022).   

d. The following plan of action may be initiated should drinking water be negatively 

impacted: 

i. Potential actions are listed in the ERR portion Financial Assurance section 

of this application, and are dependent on the magnitude of any potential 

contamination (Attachment 3: Financial Responsibility, 2022).   

e. Continue groundwater remediation and monitoring on a frequent basis (frequency 

to be determined by OCP and the UIC Program Director) until unacceptable 

adverse USDW impact has been fully addressed.  

4.6 Induced Seismic Event  

Induced seismic events typically refer to minor seismic events that are caused by human activity. 

These events are typically caused when activity alters the stresses or fluid pressures in subsurface 

formations. This alteration of fluid pressures and stresses could potentially be caused by the 

injection of fluids. This change in stress can cause fault movement and energy release. This 

energy release results in seismic events.  

It is not expected that natural seismicity will affect the project. The Illinois Basin – Decatur 

Project (IBDP) injected CO2 into the basal section of the Mt. Simon Sandstone, and generated 

microseismic events throughout the injection phase of the project despite injecting CO2 below 

fracture pressure (Bauer, 2016).  This project plans to inject above the basal section of the Mt. 
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Simon Sandstone and will monitor related microseismic activity to assist in managing project 

risks (Attachment 12: Confidential Business Information: Risk Register, 2022).  The 

microseismic monitoring will be used to accurately determine the locations and magnitudes of 

injection-induced seismic events with the primary goals of: 

• Addressing public and stakeholder concerns related to induced seismicity  

• Monitoring the spatial extent of the pressure front from the distribution of  

seismic events 

• Identifying activity that may indicate failure of the confining zone and possible 

containment loss 

A surface-based microseismic monitoring array will be designed with microseismic monitoring 

stations at a range of azimuths to optimize the accuracy of the event locations and magnitudes.  

This network can easily be expanded in response to monitoring results or future AoR re-

evaluations, if necessary. 

Based on the periodic analysis of the monitoring data, observed level of seismic activity, and 

local reporting of felt events, the site will be assigned an operating state. The operating state is 

determined using threshold criteria which correspond to the site’s potential risk and level of 

seismic activity. The operating state provides operating personnel with information about the 

potential risk of further seismic activity and guides them through a series of response actions.  

The seismic monitoring system structure is presented in Table 2. The table corresponds each 

level of operating state with the threshold conditions and operational response actions. 
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Table 2. Seismic monitoring system, for seismic events > M1.0 with an epicenter within an 8 mile radius of the injection well.  

Operating State Threshold Condition1,2 Response Action3 

Green Seismic events less than or equal to 

M1.5 

1. Continue normal operation within permitted levels. 

Yellow Five (5) or more seismic events 

within a 30 day period having a 

magnitude greater than M1.5 but 

less than or equal to M2.0  

1. Continue normal operation within permitted levels. 

2. Within 24 hours of the event, notify the UIC Program Director of the operating status of the well.  

Orange Seismic event greater than M1.5 

and local observation or felt report 

1. Continue normal operation within permitted levels. 

2. Within 24 hours of the incident, notify the UIC Program Director, of the operating status of the 

well. 

3. Review seismic and operational data. 

4. Report findings to the UIC Program Director and issue corrective actions, if necessary. 

Seismic event greater than M2.0 

and no felt report 

Magenta Seismic event greater than M2.0 

and local observation or report 

1. Initiate rate reduction plan. 

2. Within 24 hours of the incident, notify the UIC Program Director, of the operating status of the 

well. 

3. Communicate with facility personnel and local authorities to initiate evacuation plans, as 

necessary. 

4. Monitor well pressure, temperature, and annulus pressure to verify well status and determine the 

cause and extent of any failure; identify and implement appropriate remedial actions (in 

consultation with the UIC Program Director).  

5. Determine if leaks to ground water or surface water occurred (CO2 or brine).  

6. If USDW contamination is detected:  

a. Notify the UIC Program Director within 24 hours of the determination. 

b. Follow plan of action as detailed in Sections 4.4 and 4.5. 

7. Review seismic and operational data. 

8. Report findings to the UIC Program Director and issue corrective actions, if necessary. 

 
1 Specified magnitudes refer to magnitudes determined by local seismic monitoring stations or reported by the USGS National Earthquake Information Center using the national 

seismic network. 

2 “Felt report” and “local observation and report” refer to events confirmed by local reports of felt ground motion or reported on the USGS “Did You Feel It?” reporting system. 

3 Reporting findings to the UIC Program Director and issuing corrective action will occur within 25 business days (five weeks) of change in operating state. 
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Operating State Threshold Condition1,2 Response Action3 

Red Seismic event greater than M2.0, 

and local observation or report,  

and local report and confirmation 

of damage4 

1. Initiate shutdown plan. 

2. Within 24 hours of the incident, notify the UIC Program Director of the operating status  

of the well. 

3. Communicate with facility personnel and local authorities to initiate evacuation plans,  

as necessary.  

4. Monitor well pressure, temperature, and annulus pressure to verify well status and determine  

the cause and extent of any failure; identify and implement appropriate remedial actions  

(in consultation with the UIC Program Director).  

5. Determine if leaks to groundwater or surface water occurred.  

6. If USDW contamination is detected:  

a. Notify the UIC Program Director within 24 hours of the determination. 

b. Follow plan of action as detailed in Section 4.4 and 4.5. 

7. Review seismic and operational data. 

8. Report findings to the UIC Program Director and issue corrective actions, if necssary. 

Seismic event >M3.5 

 

4.7 Unforeseen Events 

Should unforeseen events occur (i.e., meteor strike, global pandemic, etc.) that could impact the operations and integrity of the 

program, response steps will be provided to the UIC Program Director and impletemented once approved.  

 
1 Specified magnitudes refer to magnitudes determined by local seismic monitoring stations or reported by the USGS National Earthquake Information Center using the national 

seismic network. 

2 “Felt report” and “local observation and report” refer to events confirmed by local reports of felt ground motion or reported on the USGS “Did You Feel It?” reporting system. 

3 Reporting findings to the UIC Program Director and issuing corrective action will occur within 25 business days (five weeks) of change in operating state. 

4 Onset of damage is defined as cosmetic damage to structures, such as bricks dislodged from chimneys and parapet walls, broken windows, and fallen objects from walls, shelves, 

and cabinets. 
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5 Response Personnel, Authorities, and Equipment 

Site personnel, project personnel, and local authorities will be relied upon to implement this 

ERRP. The injection well and non-shallow aquifer monitoring wells are located on Cardinal 

property. Offsite monitoring of shallow groundwater will occur at various points throughout the 

cities listed in Section 2. As such, local responders for these places will be utilized for 

emergency contacts and will be notified of an incident as necessary. In addition, state agencies 

may need to be notified as well.  

Site personnel to be notified (not listed in order of notification):  

1. Project Engineer(s) 

2. Plant Safety Manager(s) 

3. Environmental Manager(s) 

4. Plant Manager 

5. Plant Superintendent 

All staff will be trained in the methods prescribed in Section 8 of this document. 

A site-specific emergency contact list will be developed, maintained and periodically updated 

during the life of the project.  The list will include phone numbers and email addresses for 

facility emergency 24-hour contacts. OCP will provide the current site-specific emergency 

contact list to the UIC Program Director prior to commencement of injection operations. 

Table 3. Contact information for key local, state, and other authorities.  

Agency Phone Number 

Union City Police Department 765-964-5353 

Union City Fire & EMS 765-964-4488 (Indiana) 

937-968-5605 (Ohio) 

Randolph County Sheriff 765-584-1721 

Indiana State Police 765-778-2121 

Indiana Emergency Management and Preparedness 

Division 

765-584-1721 (Local) 

Environmental services contractor 516-333-4526 (RTP – Environmental Consultant) 

260-489-7062 (ERS – Emergency Spill Response) 

UIC Program Director (Region 5) 312-353-7648 

EPA National Response Center (24 hours) 800-424-8802 

Indiana DNR 317-232-4200 

Equipment needed in the event of an emergency and remedial response will vary, depending 

upon the triggering emergency event. Response actions (cessation of injection, well shut-in, and 

evacuation) will generally not require specialized equipment to implement. Where specialized 

equipment (such as a workover rig or logging equipment) is required, OPC shall be responsible 

for its procurement.   
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6 Emergency Communications Plan 

The order of contact when an emergency occurs is the following: 

1. Plant Manager, 

2. Necessary emergency authorities, 

3. Impact landowners (if any), 

4. OCP Management Teams, 

5. OCP Public Response Personnel (as listed in Section 5 of this document). 

Within 24 hours, following contact with the public response personnel, incidents will be reported 

to the Region 5 office staff assigned to the project.  

Based on the appropriate level of emergency response and the magnitude of the event, a crisis 

event center will be established. For minor emergencies, this will be held on Cardinal property. 

For major or serious emergencies, a crisis event center will be established at a safe location. This 

will serve as the headquarters for communication on the emergency. OPC will establish a liaison 

to communicate with the public and impacted landowners.  

This liason will then communicate to the public and impacted landowners about any event that 

requires an emergency response to ensure that the public understands what happened and 

whether there are any environmental or safety implications. The amount of information, timing, 

and communications method(s) will be appropriate to the event, its severity, whether any impacts 

to drinking water or other environmental resources occurred, any impacts to the surrounding 

community, and their awareness of the event.  

OPC will describe what happened, any impacts to the environment or other local resources, how 

the event was investigated, what responses were taken, and the status of the response. For 

responses that occur over the long-term (e.g., ongoing cleanups), OPC will provide periodic 

updates on the progress of the response action(s). 

OPC will also communicate with entities who may need to be informed about or take action in 

response to the event, including local water systems, CO2 source(s) and pipeline operators, 

landowners, and Regional Response Teams (as part of the National Response Team). A detailed 

list of these people will be developed and updated periodically.  
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7 Plan Review 

In accordance with 40 CFR 146.94(d), this ERRP shall be reviewed: 

• At least once every five (5) years following its approval by the permitting agency, 

• Within one (1) year of an area of review (AOR) reevaluation, 

• Within a time to be determined as part of the permit following any significant changes to 

the injection process or the injection facility, or an emergency event, or 

• As required by the permitting agency.  

If the review indicates that no amendments to the ERRP are necessary, OCP will provide the 

permitting agency with documentation supporting the “no amendment necessary” determination. 

If the review indicates that amendments to the ERRP are necessary, amendments shall be made 

and submitted to the permitting agency within six months following an event that initiates the 

ERRP review procedure. 
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8 Staff Training and Exercise Procedures 

OCP will develop a Standard Operating Procedure (SOP) in tandem with the contractors that 

provide the surface capture and compression equipment, the surface monitoring system, and 

among other contractors that detail the operational procedures to be followed in the event of an 

emergency.  

Included in this SOP will be specific details that can be used to train the project operators 

regarding the ERRP. Based on these SOPs, annual training and testing will be provided to all 

those involved with the project as well as those identified in Section 5 of this document.  

All personnel identified and assigned as reponding personnel in the document will complete 

initial training prior to the commentment of operations. Documentation of this initial traning as 

well as annual certifications will be documented and retained.  
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XXX-XXX-XXXX 

 

 

Well Location:   1554 N. 600 E. 
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3 Project Management 

3.1 Project/Task Organization 

3.1.1 Key Individuals and Responsibilities 

The project includes participation from partners in OCP, Cardinal Ethanol and Vault 44.01. Testing and 

monitoring responsibilities will be shared between these two partners with support from various 

subcontractors. Seven subcategories have been identified for the testing and monitoring program with 

varying responsibilities assigned.  

1. Shallow Groundwater Sampling and Monitoring, 

2. Deep Groundwater Sampling and Monitoring, 

3. Injection Well Monitoring, 

4. Mechanical Integrity Testing (MIT), 

5. Pressure and Temperature Monitoring, 

6. Carbon dioxide (CO2) Stream Analysis, 

7. Plume Modeling. 

3.1.2 Independence from Project Quality Assurance Manager and Data Gathering 

The physical samples to be collected, and the data gathered as a part of the monitoring program will be, 

on occasion, analyzed, processed, and/or witnessed by third party contractors, independent of the laid out 

project management structure.  

3.1.3 Project Quality Assurance Plan Responsibility 

OCP will be responsible for maintaining and distributing the official, approved Project QASP. Vault will 

review the QASP periodically and discuss with the Environmental Protection Agency (EPA) should 

changes to the plan be warranted.  
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3.1.4 Organizational Chart for Project Organizational Structure 

 

Figure 1. Organizational Chart for Key Project Personnel and Responsibilities 
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3.2 A.2. Problem Definition/Background 

3.2.1 A.2.a. Reasoning 

The OCP carbon capture and sequestration (CCS) project has a robust monitoring program, which 

includes operational, plume, and environmental components.  

Operational monitoring serves to ensure that all procedures and processes associated with the project are 

safe. Data will be collected to monitor the response of the sequestration unit and layers overlying the 

confining zone by monitoring the following parameters: 

• Injection pressure, 

• Injection Well Annulus pressure, 

• Mt. Simon pressure, 

• Above Confining Zone (ACZ) formation pressure, 

• Lowermost Underground Source of Drinking Water (USDW) pressure. 

In addition to the pressure components of the operational monitoring, additional parameters such as 

injection rate, total volume/mass injected, injection well temperature profile, and passive seismic data will 

be collected and evaluated.  

The plume monitoring component of the program will provide information to evaluate the extent to which 

the CO2 plume has spread and whether any leakage of the CO2 through the caprock has occurred. The 

primary component of this monitoring is Pulsed Neutron Logging (PNL), but additional data will be 

gathered from pressure and temperature monitoring. 

The environmental component of the monitoring program is meant to determine if CO2 is being released 

into the shallow groundwater layers or the environment. The primary component of this monitoring 

consists of fluid sampling and monitoring, with additional monitoring from the PNL, which is the primary 

component of the plume monitoring program.  

The robust monitoring program developed from this project is based on experience gained from other 

approved Class VI projects, as well as extensive geologic evaluation, reservoir modeling, and 

understanding of federal regulations on the matter. The result of this experience yields a high level of 

confidence that the Mt. Simon is a suitable injection formation, and that the Eau Claire is a sufficient 

caprock, capable of ensuring the injected CO2 will remain permanently in the Mt. Simon.    

The primary goal of the monitoring program is to continue to demonstrate the activities of this project are 

safe for the health of the general public and environment. In order to help facilities this demonstration, the 

QASP was developed to ensure the quality of the demonstration methods meet the requirements of the 

EPA Underground Injection Control (UIC) Program for Class VI wells.  

3.2.2 A.2.b. Reasons for Initiating the Project 

The purpose of the Vault-Cardinal CCS project is to demonstrate the ability of the Mt. Simon Sandstone 

to accept and retain supercritical CO2 in eastern Indiana. This sequestration targets the reduction of CO2 

emissions from the ethanol facility into the atmosphere. In order to demonstrate the efficacy of this 

project and the long term sequestration of CO2, the rigorous testing and monitoring program presented in 

this application will be implemented. The QASP presented in this document provides additional 

information on the methodology and technical standards that will comprise the proposed testing and 

monitoring program.  

3.2.3 A.2.c. Regulatory Information, Applicable Criteria, Action Limits 

Class VI regulations stipulate that the owners or operators of Class VI wells perform several types of 

activities throughout the life of the project to ensure the following: 

i. That the wells maintain their mechanical integrity, 
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ii. That injected fluid migration and pressure changes are within the limits described in the permit 

application, and  

iii. ThatUSDWs are not endangered during or after operations. 

The activities to demonstrate the objectives detailed above consist of, but are not limited to, the following: 

• MIT, 

• Well tests performed on the injection well during operation, 

• Groundwater monitoring from several zones, 

• CO2 and pressure plume tracking. 

This document is intended to detail the methods of measurement and the steps that will be taken to ensure 

the quality of the collected data so that confident informed decisions can be made during the project.  

 

3.3 A.3. Project/Task Description 

3.3.1 A.3.a/b. Summary of Work to be Performed 

Table 1 displays the major tasks for the testing and monitoring program described in Testing and 

Monitoring Section of this permit application. This table displays the location of monitoring points, 

method of sampling, analytical technique applied, lab/custody procedures to be followed (if applicable), 

and the purpose of each item. Details on the frequency of the testing and monitoring program activities 

can be found in the Testing and Monitoring Plan and Pre-operation Testing sections. 

 

Tables 2 and 3 display details of the instrumentation used at each monitoring location, and geophysical 

surveys, respectively.  
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Table 1. Summary of Testing and Monitoring  

Activity Location(s) Method Analytical Technique Lab/Custody Purpose 

CO2 stream analysis 

CO2 stream analysis – 

downstream 
CO2 Delivery Pipeline Direct Sampling Chemical Analysis to be determined (TBD) 

Monitor injectate quality 

and composition 

Continuous Recording 

Injection rate CCS1 Wellhead Flowmeter Direct Measure Not Applicable (NA) Monitoring injection rate 

Injection volume CCS1 Wellhead Flowmeter Direct Measure NA 
Calculated injection 

volume 

Injection pressure CCS1 Wellhead Continuous Monitoring Direct Measure NA 
Monitoring injection 

pressure 

Wellhead pressure ACZ Wellhead Continuous Monitoring Direct Measure NA  

Annular pressure 

CCS1 Wellhead 

Deep Observation Well 

(OBS1) Wellhead 

Continuous Monitoring Direct Measure NA 
Monitoring annulus 

pressure 

Downhole pressure 
CCS1 Injection Interval 

OBS1 Injection Interval 
Downhole Gauge  Direct Measure NA 

Monitoring injection 

zone 

Downhole temperature CCS1 Wellbore Downhole Gauge Direct Measure NA 
Monitoring injection 

zone, wellbore integrity 

Microseismic 
Various Monitoring 

Stations 

Geophones and 

Seismometers 
Direct Measure NA 

Injection zone and 

confining zone integrity 
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Activity Location(s) Method Analytical Technique Lab/Custody Purpose 

Well Integrity 

Corrosion monitoring 
CO2 Delivery Pipeline 

CCS1 Wellhead 
Coupon 

Direct Measure 

Chemical Analysis 
TBD 

Monitoring injectate, 

wellbore integrity 

Annular fluid volume 
CCS1 Wellhead 

OBS1 Wellhead 
Site Glass Readings Direct Measure NA 

Monitoring annulus fluid 

volume changes 

Mechanical integrity 

(internal) 

CCS1 Wellhead  

OBS1 Wellhead  
Annulus Pressure Test 40 CFR 146.89 (b) NA Wellbore integrity 

Mechanical integrity 

(external) 

CCS1 Wellbore  

OBS1 Wellbore (temp log 

only) 

Various 

40 CFR 146.87 (a)(4) 

40 CFR 146.89 (c)(2) 

Log Interpretation 

NA Wellbore integrity 

Cement Evaluation 

CCS1 Wellbore 

OBS1 Wellbore 

ACZ1 Wellbore 

Logging 
Direct Measure 

Log Interpretation 
NA Wellbore integrity 

Plume Tracking 

PNL 
CCS1 Wellbore 

OBS1 Wellbore 
Logging 

Direct Measure 

Log Interpretation 
NA 

CO2 saturation, vertical 

plume development 

Downhole pressure 
OBS1 Injection Interval 

CCS1 Injection Interval 
Direct Sampling Direct Measure NA 

Monitoring injection 

zone pressure, plume 

monitoring, confining 

zone integrity 

Microseismic 

Monitoring 

Minimum of 5 stations 

TBD 

Geophones and 

Seismometers 
Direct Measure NA 

Injection zone and 

confining zone integrity 
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Activity Location(s) Method Analytical Technique Lab/Custody Purpose 

Time-lapse 3D Seismic 

Data  

Area sufficient to image  

an 8.97 mi2 plume 

3D Seismic Surface 

Seismic Survey 

Data Analysis and 

Interpretation 
NA 

Indirect measurement of 

plume development 

Fluid Sampling 

Shallow Groundwater 

Sampling 

(Glacial Drift) 

12 wells spatially 

distributed throughout 

the AoR 

In-situ Chemical Analysis Table 4 for parameters 

Detection of changes in 

groundwater quality for 

the shallow USDWs. 

Lowermost USDW 

Sampling 

(Maquoketa Shale) 

USDW1 In-situ Chemical Analysis Table 5 for parameters 

Detection of changes in 

the groundwater quality 

in the lowermost USDW.  

Above Confining Zone 

Sampling 

(Knox Formation) 

ACZ1 In-situ Chemical Analysis Table 6 for parameters 

Detection of changes in 

groundwater quality 

above the confining 

zone.  

Injection Interval 

Monitoring 

(Mt. Simon) 

OBS1 In-situ Chemical Analysis Table 7 for parameters 

Detection of changes in 

groundwater quality, 

geochemistry, and CO2 

saturation in the injection 

internal.  
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Table 2. Instrumentation Summary  

Monitoring 

Location 

Instrument 

Type 

Monitoring 

Target/Interval 

Data Collection 

Location(s) 
Explanation 

CO2 Facility 
Gas sampling 

port 
Surface 

Downstream of 

Compressor 
Monitoring injectate quality and composition 

CCS1 

Temperature 

Pressure 

Flow 

Wellhead - injection 

Wellhead - injection 

Surface 

Tubing 

Tubing 

Flowline 

Monitoring operational parameters of surface and well equipment.  

Temperature 

Pressure 

Wellbore - injection 

Wellbore - injection 

Packer 

Packer 
Monitoring operational parameters at bottom hole conditions. 

Pressure 
Wellhead - annulus 

Wellhead - MIT (internal) 

Annulus 

Annulus 
Monitoring well integrity.  

Corrosion Surface 
Upstream from 

Wellhead 

Monitoring corrosion of the wellhead equipment and tubulars before 

potential future equipment failure. 

OBS1 

Pressure Wellbore – injection zone Packer Monitoring bottomhole injection pressure in injection zone 

Pressure 
Wellhead - annulus 

Wellhead - MIT (internal) 

Annulus 

Annulus 
Monitoring well integrity.  

ACZ1 Pressure Wellhead - ACZ zone Suface  

Seismic 

Stations 

Seismometer(s)  

Geophones 
Surface and borehole 

All Strata 

Various Locations 

TBD 

Passive seismic monitoring equipment to be used to monitor and detect 

seismic events over within the AoR. 
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Table 3. Geophysical Surveying Summary  

Survey Activity Well Tool/Survey Description Explanation 

Logging 

CCS1 

Temperature/Radioactive Tracer 

Log 
Mechanical Integrity, Fluid Movement, CO2 Detection 

Pressure Falloff Test 
Injection Zone Pressure Response, Geophysical and Geomechanical 

Monitoring 

Preoperation Testing Logging Well charecterization 

PNL Mechanical Integrity, Fluid Movement, CO2 Detection 

OBS1 

Temperature Log Mechanical Integrity, Fluid Movement, CO2 Detection 

Preoperation Testing Logging Well charecterization 

PNL Mechanical Integrity, Fluid Movement, CO2 Detection 

ACZ1 Cement Bond Log (CBL) Mechanical Integrity 

Seismic Stations 
Surface Survey 

Area 
3D Seismic Survey Monitor extent of CO2 plume. 
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3.3.2 A.3.c. Geographic Locations 

 

Figure 2. Cardinal Ethanol Facility and Associated CCS Related Equipment 
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Figure 3. Ethanol Facility, Flowlines, Surface Capture Facility, CCS1, Proposed Lowermost USDW Monitor Well 
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(USDW1), and Proposed Lowermost USDW Monitor Well (ACZ1) Location 

 

Figure 4. Ethanol Facility and OBS1 Location 

 

3.3.3 A.3.d. Resource and Time Constraints 

No major time or resource constraints have been identified for the Hoosier project. Wells drilled, tested, 

and monitored as laid out in the permit application will serve their purpose for pre-operation, active 

operations, and post closure care.  

Following the full closure of the project and the post operational monitoring period OCP plans to plug 

and abandon all wells associated with the project in a manner consistent with federal regulations. As part 

of the financial assurance package, money will be allocated to ensure these activities are fully funded.  
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3.4 A.4.Quality Objectives and Criteria 

3.4.1 A.4.a. Performance/Measurement Criteria 

The objective of the QA system for the monitoring program is to develop and utilize procedures for 

surface and subsurface monitoring, field samples, laboratory analysis, and routine reporting. The results 

of these activities will demonstrate the viability, characterization, and non-endangerment objectives of the 

project.  

Groundwater monitoring will be conducted: 

• Before injection begins, 

• During injection operations, 

• Post-injection operations. 

Specific monitoring frequency and timing is provided in the preoperational testing plan, the testing and 

monitoring plan, and the post-injection site care portions of the application. This monitoring will be 

performed on shallow and deep groundwater wells. Analytical and monitoring parameters for 

groundwater samples are provided in Tables 4-7. 

Note for Tables 4-7: 

ICP – inductively coupled plasma 

MS – mass spectrometry 

OES – optical emission spectrometry 

GC-P – gas chromatography – pyrolysis 

 

Table 8 contains analytes for CO2 stream analysis.  

Tables 9 and 10 shows other CO2 and injection related parameters, instrumentation, and standards of 

analysis.  

Table 11 contains detail on the major monitoring outputs. 

The list of analytes provided herein may be reassessed periodically and adjusted as necessary based on the 

effectiveness of the current testing and monitoring program with respect to its objectives.  

Key monitoring areas and their major methods and analytes include (but are not limited to): 

i. Shallow Groundwater Sampling 

a. Aqueous chemical concentrations (Table 4) 

ii. Deep Groundwater Sampling 

a. Aqueous chemical concentrations (Table 5-7) 

iii. Well Logging 

a. PNL 

iv. MIT and Corrosion Monitoring 

a. PNL (external) 

b. Temperature (external) 

c. Annulus Pressure Test (internal) 

d. CBL (external) 

e. Coupon monitoring 

v. Pressure and Temperature Monitoring 

a. In-situ pressure/temperature gauges 

b. Baseline data 



23 

c. Surface pressure/temperature gauges 

vi. CO2 Stream Analysis 

a. CO2 Purity 

b. Total Hydrocarbons as Methan 

c. Carbon Monoxide 

d. Oxides of Nitrogen 

e. Nitrogen 

f. Oxygen 

g. Methane 

h. Hydrogen Sulfide 

i. Sulphur Dioxide 

j. Acetaldehyde 

k. Ethanol 

vii. Geophysical Monitoring 

a. 3D seismic profile 

b. Time-lapse reporting 

c. Seismic activity monitoring 
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Table 4. Summary of Analytical and Field Parameters for Fluid Samples from Shallow Groundwater (GW2-13) Samples 

(All analysis to be performed by Cardinal or a designed third party laboratory to be identified.)  

Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions 
Quality Control 

Requirements 

Cations: 

Al, Ba, Mn, As, Cd, Cr, Cu, 

Pb, Sb, Se, and Tl 

 

 

Ca, Fe, K, Mg, Na, and Si 

 

ICP-MS 

EPA Method 6020 

 

 

ICP-OES 

EPA Method 6010B 

 

0.001 to 0.1 mg/L(2) 

 

 

 

0.005 to 0.5 mg/L(2) 

 

±15%  

 

 

 

±15% 

 

Daily calibration, blanks, 

duplicates, and matrix spikes 

at 10% or greater. 

 

Daily calibration, blanks, 

duplicates, and matrix spikes 

at 10% or greater. 

Anions:  

Br, Cl, F, NO3, and SO4 

 

Ion Chromatography 

EPA Method 300.0 

 

0.02 to 0.13 mg/L(2) 

 

±15% 

 

Daily calibration, blanks, and 

duplicated at 10% or greater 

frequency. 

Dissolved CO2 Coulometric Titration 

ASTM D513-11 

25 mg/L ±15% Duplicate measurement; 

standards at 10% or greater 

frequency 

Total Dissolved Solids Gravimetry 

APHA 2540C 

12 mg/L ±10% Balance calibration, duplicate 

analysis 

Alkalinity APHA 2320B 4 mg/L ±3 mg/L Duplicate analysis 

pH (field) EPA 150.1 2 to 12 pH units ±0.2 pH units Calibration per manufacturer 

specifications 

Specific conductance (field) APHA 2510 0 to 200 mS/cm ±1% of reading Calibration per manufacturer 

specifications 

Temperature (field) Thermocouple -5 to 50°C ±0.2°C Calibration per manufacturer 

specifications 
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Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director.  Note 2: Analyte, dilution, and matrix dependent 

Table 5. Summary of Analytical and Field Parameters for Fluid Samples from Lowermost USDW Groundwater (USDW1) Samples. 

(All analysis to be performed by Cardinal or a designed third party laboratory to be identified.) 

Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 

Cations: 

Al, Ba, Mn, As, Cd, Cr, Cu, 

Pb, Sb, Se, and Tl 

 

 

Ca, Fe, K, Mg, Na, and Si 

 

ICP-MS 

EPA Method 6020 

 

 

ICP-OES 

EPA Method 6010B 

 

0.001 to 0.1 mg/L(2) 

 

 

 

0.005 to 0.5 mg/L(2) 

 

±15%  

 

 

 

±15% 

 

Daily calibration, blanks, 

duplicates, and matrix spikes 

at 10% or greater. 

 

Daily calibration, blanks, 

duplicates, and matrix spikes 

at 10% or greater. 

Anions:  

Br, Cl, F, NO3, and SO4 

 

Ion Chromatography 

EPA Method 300.0 

 

0.02 to 0.13 mg/L(2) 

 

±15% 

 

Daily calibration, blanks, and 

duplicated at 10% or greater 

frequency. 

Dissolved CO2 

 

 

 

Isotopes: δ13C of DIC 

Coulometric Titration 

ASTM D513-11 

 

 

Isotope ratio mass 

spectrometry(3) 

25 mg/L 

 

 

 

12.2 mg/L HCO3
- for δ13C 

±15% 

 

 

 

±0.15% for δ13C 

 

Duplicate measurement; 

standards at 10% or greater 

frequency 

 

10% duplicates; 4 

standards/batch 

Total Dissolved Solids Gravimetry 

APHA 2540C 

12 mg/L ±10% Balance calibration, duplicate 

analysis 

Water Density (field) Oscillating body method 0.0000 to 2.0000 ±0.0002 g/mL Duplicate measurements 

Alkalinity APHA 2320B 4 mg/L ±3 mg/L Duplicate analysis 
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Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 

pH (field) EPA 150.1 2 to 12 pH units ±0.2 pH units Calibration per manufacturer 

specifications 

Specific conductance (field) APHA 2510 0 to 200 mS/cm ±1% of reading Calibration per manufacturer 

specifications 

Temperature (field) Thermocouple -5 to 50°C ±0.2°C Calibration per manufacturer 

specifications 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 

Note 2: Analyte, dilution, and matrix dependent 

Note 3: Gas evolution technique by Atekwana and Krishnamurthy (1998), with modifications made by Hackley et al. (2007) 

 

Table 6. Summary of Analytical and Field Parameters for Fluid Samples from ACZ1 

(Cation, anion, TDS, and alkalinity analyte measurements will be performed by a laboratory meeting the requirements outlined  

in the EPA Environmental Laboratory Accreditation program. All other analysis to be performed by Cardinal or a designed third party laboratory, to be identified.) 

Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 

Cations: 

Al, Ba, Mn, As, Cd, Cr, Cu, 

Pb, Sb, Se, and Tl 

 

 

Ca, Fe, K, Mg, Na, and Si 

 

ICP-MS 

EPA Method 6020 

 

 

ICP-OES 

EPA Method 6010B 

 

0.001 to 0.1 mg/L(2) 

 

 

 

0.005 to 0.5 mg/L(2) 

 

±15%  

 

 

 

±15% 

 

Daily calibration, blanks, 

duplicates, and matrix spikes 

at 10% or greater. 

 

Daily calibration, blanks, 

duplicates, and matrix spikes 

at 10% or greater. 

Anions:  

Br, Cl, F, NO3, and SO4 

 

Ion Chromatography 

EPA Method 300.0 

 

0.02 to 0.13 mg/L(2) 

 

±15% 

 

Daily calibration, blanks, and 

duplicated at 10% or greater 

frequency. 
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Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 

Dissolved CO2 

 

 

 

Isotopes: δ13C of DIC 

Coulometric Titration 

ASTM D513-11 

 

 

Isotope ratio mass 

spectrometry(3) 

25 mg/L 

 

 

 

12.2 mg/L HCO3
- for δ13C 

±15% 

 

 

 

±0.15% for δ13C 

 

Duplicate measurement; 

standards at 10% or greater 

frequency 

 

10% duplicates; 4 

standards/batch 

Total Dissolved Solids Gravimetry 

APHA 2540C 

12 mg/L ±10% Balance calibration, duplicate 

analysis 

Water Density (field) Oscillating body method 0.0000 to 2.0000 ±0.0002 g/mL Duplicate measurements 

Alkalinity APHA 2320B 4 mg/L ±3 mg/L Duplicate analysis 

pH (field) EPA 150.1 2 to 12 pH units ±0.2 pH units Calibration per manufacturer 

specifications 

Specific conductance (field) APHA 2510 0 to 200 mS/cm ±1% of reading Calibration per manufacturer 

specifications 

Temperature (field) Thermocouple -5 to 50°C ±0.2°C Calibration per manufacturer 

specifications 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 

Note 2: Analyte, dilution, and matrix dependent 

Note 3: Gas evolution technique by Atekwana and Krishnamurthy (1998), with modifications made by Hackley et al. (2007)  
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Table 7. Summary of Analytical and Field Parameters for Fluid Samples from Mt. Simon Groundwater (OBS1) Samples. 

(All analysis to be performed by Cardinal or a designed third party laboratory to be identified.) 

Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 

Cations: 

Al, Ba, Mn, As, Cd, Cr, Cu, 

Pb, Sb, Se, and Tl 

 

 

Ca, Fe, K, Mg, Na, and Si 

 

ICP-MS 

EPA Method 6020 

 

 

ICP-OES 

EPA Method 6010B 

 

0.001 to 0.1 mg/L(2) 

 

 

 

0.005 to 0.5 mg/L(2) 

 

±15%  

 

 

 

±15% 

 

Daily calibration, blanks, 

duplicates, and matrix spikes 

at 10% or greater. 

 

Daily calibration, blanks, 

duplicates, and matrix spikes 

at 10% or greater. 

Anions:  

Br, Cl, F, NO3, and SO4 

 

Ion Chromatography 

EPA Method 300.0 

 

0.02 to 0.13 mg/L(2) 

 

±15% 

 

Daily calibration, blanks, and 

duplicated at 10% or greater 

frequency. 

Dissolved CO2 

 

 

 

Isotopes: δ13C of DIC 

Coulometric Titration 

ASTM D513-11 

 

 

Isotope ratio mass 

spectrometry(3) 

25 mg/L 

 

 

 

12.2 mg/L HCO3
- for δ13C 

±15% 

 

 

 

±0.15% for δ13C 

 

Duplicate measurement; 

standards at 10% or greater 

frequency 

 

10% duplicates; 4 

standards/batch 

Total Dissolved Solids Gravimetry 

APHA 2540C 

12 mg/L ±10% Balance calibration, duplicate 

analysis 

Water Density (field) Oscillating body method 0.0000 to 2.0000 ±0.0002 g/mL Duplicate measurements 

Alkalinity APHA 2320B 4 mg/L ±3 mg/L Duplicate analysis 
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Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 

pH (field) EPA 150.1 2 to 12 pH units ±0.2 pH units Calibration per manufacturer 

specifications 

Specific conductance (field) APHA 2510 0 to 200 mS/cm ±1% of reading Calibration per manufacturer 

specifications 

Temperature (field) Thermocouple -5 to 50°C ±0.2°C Calibration per manufacturer 

specifications 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 

Note 2: Analyte, dilution, and matrix dependent 

Note 3: Gas evolution technique by Atekwana and Krishnamurthy (1998), with modifications made by Hackley et al. (2007)  
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Table 8. Summary of Analytical Parameters for CO2 Stream.   

All analysis to be performed by Cardinal or a designed third party laboratory, to be identified.  Primary constituents to be reported are in bold. 

Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 

CO2 Purity ISBT 2.0 5 % v/v ±10 

% of reading 

Calibration per manufacturer 

specifications 

Total Hydrocarbons as 

Methane 

ISBT 10.0 0.1 ppm v/v as CH4 5-10% of reading  Daily blank, daily standard within 

10% of calibration, secondary 

standard after calibration 

Total Non-Methane 

Hydrocarbons (TNMHC) 

ISBT 10.1 0.1 ppm v/v as CH4   

Carbon Monoxide (CO) ISBT 5.0 0.5 ppm v/v ±20% of reading Duplicate analysis 

Ammonia (NH3) ISBT 6.0 0.5 ppm v/v   

Oxides of Nitrogen (NOx) ISBT 7.0 0.5 ppm v/v ±20% of reading Duplicate analysis 

Nitrogen Dioxide (NO2) ISBT 7.1 0.5 ppm v/v   

Nitric Oxide (NO) ISBT 7.2 0.5 ppm v/v   

Source Specific Parameters: 

Hydrogen Cyanide (HCN) 

Vinyl Chloride (C2H3Cl) 

Phosphine (PH3) 

Ethylene Oxide (C2H4O) 

 

ISBT 17.0 

ISBT 18.0 

ISBT 19.0 

ISBT 20.0 

 

0.5 ppm v/v 

0.1 ppm v/v 

0.1 ppm v/v 

0.1 ppm v/v 

  

Non-Condensable Gases: 

Nitrogen (N2) 

Oxygen (O2)  

Argon (Ar) 

 

ISBT 4.0 

ISBT 4.0 

ISBT 4.0 

 

4.0 ppm v/v 

4.0 ppm v/v 

4.0 ppm v/v 

 

±10% of reading 

±10% of reading 

 

Daily standard within 10% of 

calibration, secondary standard after 

calibration 
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Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 

Hydrogen (H2) 

Helium (He) 

ISBT 4.0 

ISBT 4.0 

10.0 ppm v/v 

10.0 ppm v/v 

Volatile Hydrocarbons: 

Methane 

Ethylene 

Ethane 

Propylene 

Volatile Hydrocarbons 

cont’d: 

Propane 

Isobutane 

n-Butane 

Butenes 

Isopentane 

n-Pentane 

Pentenes 

C6+ 

 

ISBT 10.1 

ISBT 10.1 

ISBT 10.1 

ISBT 10.1 

 

 

ISBT 10.1 

ISBT 10.1 

ISBT 10.1 

ISBT 10.1 

ISBT 10.1 

ISBT 10.1 

ISBT 10.1 

ISBT 10.1 

 

0.5 ppm v/v 

0.5 ppm v/v 

0.5 ppm v/v 

0.5 ppm v/v 

 

 

0.5 ppm v/v 

0.5 ppm v/v 

0.5 ppm v/v 

0.5 ppm v/v 

0.5 ppm v/v 

0.5 ppm v/v 

0.5 ppm v/v 

0.5 ppm v/v 

 

5-10% of reading 

 

Daily blank, daily standard within 

10% of calibration, secondary 

standard after calibration 

Aromatic Hydrocarbons: 

Benzene (AHC) 

Toluene 

Ethyl Benzene 

m+p Xylene 

o-Xylene 

 

ISBT 12.0 

ISBT 12.0 

ISBT 12.0 

ISBT 12.0 

ISBT 12.0 

 

0.002 ppm v/v 

0.002 ppm v/v 

0.002 ppm v/v 

0.002 ppm v/v 

0.002 ppm v/v 
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Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 

Volatile Sulfur Compounds: 

Hydrogen Sulfide (H2S) 

Carbonyl Sulfide (COS) 

Sulphur Dioxide (SO2) 

Methyl Mercaptan 

Ethyl Mercaptan 

Dimethyl Sulfide 

Carbon Disulfide 

i-Propyl Mercaptan 

t-Butyl Mercaptan 

n-Propyl Mercaptan 

Methyl Ehtyl Sulfide 

sec-Butyl Mercaptan 

i-Butyl Mercaptan 

Dimethyl Disulfide 

n-Butyl Mercaptan 

Dimethyl Disulfide 

Other Sulfurs 

Total Sulfur Content (TSC) 

 

 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 14.0 

ISBT 13.0 

 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

0.02 ppm v/v 

 

5-10% of reading 

 

5-10% of reading 

 

Daily blank, daily standard within 

10% of calibration, secondary 

standard after calibration 

Volatile Oxygenates: 

Acetaldehyde (AA) 

Ethyl Oxide 

Dimethyl Ether 

 

ISBT 11.0 

ISBT 20.0 

ISBT 11.0 

 

0.05 ppm v/v 

0.1 ppm v/v 

0.1 ppm v/v 

 

5-10% of reading 

 

 

 

Daily blank, daily standard within 

10% of calibration, secondary 

standard after calibration 
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Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 

Methyl Ethyl Ether 

Methanol (MeOH) 

Propionaldehyde 

Acetone 

Ethanol 

Isopopanol 

Ethyl Acetate 

t-Butanol 

n-Propanol 

2-Butanol 

Isobutanol 

n-Butanol 

Isoamyl Alcohol 

Isoamyl Acetate 

ISBT 11.0 

ISBT 9.0 

ISBT 11.0 

ISBT 11.0 

ISBT 11.0  

ISBT 11.0 

ISBT 11.0 

ISBT 11.0 

ISBT 11.0 

ISBT 11.0 

ISBT 11.0 

ISBT 11.0 

ISBT 11.0 

ISBT 11.0 

0.2 ppm v/v 

0.2 ppm v/v 

0.2 ppm v/v 

0.2 ppm v/v 

0.2 ppm v/v 

0.2 ppm v/v 

0.2 ppm v/v 

0.2 ppm v/v 

0.2 ppm v/v 

0.2 ppm v/v 

0.2 ppm v/v 

0.2 ppm v/v 

0.2 ppm v/v 

0.2 ppm v/v 

 

 

 

 

5-10% of reading 

 

 

 

Daily blank, daily standard within 

10% of calibration, secondary 

standard after calibration 

Note 1:  An equivalent method may be employed with the prior approval of the UIC Program Director. 

 

Table 9. Summary of Analytical Parameters for Corrosion Coupons. 

Parameters Analytical Methods Detection Limit/Range Typical Precisions QC Requirements 

Mass NACE RP0775-2005 0.005 mg ±2% 
Annual third party calibration of scale 

(certification number to be provided) 

Thickness NACE RP0775-2005 0.001 mm ±0.005 Factory calibration 
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Table 10. Summary of Measurement Parameters for Field Gauges.* 

Parameters Methods Detection Limit/Range Typical Precisions QC Requirements 

Injection tubing temperature ANSI Z540-1-1994 ±0.001 °F, 0-500 °F ±0.01 °F Annual third party calibration of 

scale (cert number to be provided) 

Injection tubing pressure  ANSI Z540-1-1994 ±0.001 psi, 0-3,000 psi ±0.01 psi Annual third party calibration of 

scale (cert number to be provided) 

Injection flow rate NA ± 0.1% of rate 50,522-303-133 lb/hr Annual third party calibration of 

scale (cert number to be provided) 

CCS1 annulus pressure ANSI Z540-1-1994 ±0.001 psi, 0-3,000 psi ±0.01 psi Annual third party calibration of 

scale (cert number to be provided) 

CCS1 downhole pressure ANSI Z540-1-1994 ±0.001 psi, 0-10,000 psi ±0.01 psi Annual third party calibration of 

scale (cert number to be provided) 

CCS1 downhole temperature ANSI Z540-1-1994 ±0.001 °F, 0-300 °F ±0.01 °F Annual third party calibration of 

scale (cert number to be provided) 

OBS1 annulus pressure ANSI Z540-1-1994 ±0.001 psi, 0-3,000 psi ±0.01 psi Annual third party calibration of 

scale (cert number to be provided) 

OBS1 downhole pressure ANSI Z540-1-1994 ±0.001 psi, 0-10,000 psi ±0.01 psi Annual third party calibration of 

scale (cert number to be provided) 

ACZ1 wellhead pressure ANSI Z540-1-1994 ±0.001 psi, 0-3,000 psi ±0.01 psi Annual third party calibration of 

scale (cert number to be provided) 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 

*Standards, detection limits/ranges, and precision parameters are subject to change based on the finalization  of equipment
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Table 11. Actionable Testing and Monitoring Outputs. 

Activity or Parameter Project Action Limit Detection Limit Anticipated Reading 

Part II (External) MIT  

PNL 

Action to be taken if CO2 

is outside of anticipated 

range or location.  

TBD based on contractor 

tool specifications 

TBD based on results of 

baseline logs 

Readings vary by zone. 

Part II (External) MIT  

Temperature Logging 

RAT Logging 

Action to be taken if an 

anomaly in the 

temperature/GR profile is 

identified.  

TBD based on contractor 

tool specifications 

TBD based on results of 

baseline logs 

Readings vary by zone. 

Part I (Internal) MIT 

Annulus Pressure Test  

Action to be taken if 

pressure change is greater 

than 3% in one hour.  

See Table 10 Less than 3% pressure 

change in one hour.  

 

Surface pressure  

(CCS1) 

Action to taken if 

injection pressure is 

above MAIP. 

See Table 10 Less than the MAIP as 

detailed in Section 6 

Downhole 

pressure/temperature 

(CCS1) 

Action to taken if 

pressure is above 

maximum allowable 

botthom hole pressure 

(MABHP). 

See Table 10 Less than the 

corresponding BHP as 

determined in the MAIP 

in Section 6 

Downhole pressure 

(OBS1) 

Action to be taken if 

pressure varies 

significantly from 

modeled values or is 

above MABHP.   

See Table 10 TBD based on results of 

a baseline pressure and 

temperature survey 

Water quality  

Action to be taken if 

ACZ or USDW/GW 

water quality deviates 

significantly from 

baseline water quality 

measurements.  

See Tables 4-7 TBD based on baseline 

samples to be taken prior 

to injection.  

3D seismic profiling 

Action to be taken if CO2 

plume is detected outside 

of modeled plume/AoR.  

Variable dependent on 

fluid saturation, 

formation velocities, etc. 

Similar CO2 plume 

migration in comparison 

to the model.  

Passive seismic 

monitoring 

Action to be taken if 

notable seismic activity is 

measured concurrent 

with injection operations.  

Refer to ERRP section 

for further discussion on 

detection limits and 

action items.  

Consistent with 

baseline/background 

seismic measurements. 
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3.4.2 A.4.b. Precision 

For groundwater sampling, data accuracy will be assessed regularly by the collection and analysis of 

blanks to test procedures and matrix spikes to test lab and sampling procedures. Field blanks will be taken 

no less than one per sampling event to spot check for sample container contamination. Laboratory 

assessment of the precision of the analytes will be the responsibility of the laboratory chosen to analyze 

the field samples based on acceptable operating procedures.  

Table 12 presents the specifications and precision information for the downhole pressure and temperature 

gauges to be used for downhole pressure and temperature monitoring in the injection and above confining 

zone intervals. 

Table 13 presents the parameters and specifications for the logging tols to be used as part of the 

preoperational testing, testing and monitoring, and post injection site care programs.  

3.4.3 A.4.c. Bias 

Assessments of the analytical biases present in analysis are the responsibility of the contacted laboratories 

based on acceptable operating procedures. It is assumed there are no measurement biases for direct 

temperature, pressure, or logging measurements.  

3.4.4 A.4.d. Representativeness 

For groundwater sampling, data representativeness expresses the degree to which data accurately and 

precisely represents a characteristic of a sample population, parameter variations at a specific sampling 

point, a process condition, or an environmental condition. The sampling network laid out in the 

monitoring program is designed to provide data that is representative of site conditions.  

For analytical results of individual groundwater samples, representativeness will be estimated by ion and 

mass balance determination. Ion balance determinations with ±10 percent error, or less, will be 

considered valid. Mass balance determinations will be used in cases where the ion balance is great that the 

±10 percent threshold to attempt to determine the source of the measurement error.  

For samples (and their duplicates) if the relative percent difference varies by more than 10%, the sample 

may be considered not representative.  

3.4.5 A.4.e. Completeness 

Data completeness is a measure of the amount of valid data obtained from a measurement point compared 

to the amount of data that was expected to be obtained from the data point under normal conditions. It is 

anticipated that 90 percent data completeness for groundwater samples will be considered acceptable to 

meet monitoring objectives.  

For direct pressure, temperature, and logging measurements, it is anticipated that data will be recorded no 

less than 90 percent of the time.  

3.4.6 A.4.f. Comparability 

Data comparability expresses the confidence with which one data set can be compared to others. The data 

sets generated by this project are anticipated to be comparable to future data sets because of the use of 

standard methods of measurement and the high levels of QA/QC of data.  

Historical groundwater quality data will be assessed for their level of quality, and assuming they are of 

high enough quality, will be used for comparative purposes. Direct pressure, temperature and logging 

measurements will be directly comparable to previously collected data.  
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3.4.7 A.4.g. Method Sensitivity 

Tables 12 through 22 provide additional information on gauge and sensor sensitivities as well as logging 

and downhole tool specifications.  

Table 12. Pressure and Temperature (OBS1/ACZ1/CCS1) – Downhole Gauge Specifications.(1) 

Parameter Value 

Calibrated working pressure range 14.7 to 10,000 psi 

 Initial pressure accuracy ± 0.015% over full scale 

 Pressure resolution 0.006 psi/second 

 Pressure drift stability 0.01% Full Scale/Year 

Calibrated working temperature range to 150°C 

 Initial temperature accuracy ±0.1 °C 

 Temperature resolution 0.005 °C/second 

 Temperature drift stability 0.1% °C/yearr 

 Max temperature 150 °C 

Instrument calibration frequency From manufacturer 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 

 

Table 13. Representative Logging Tool Specifications.(1) 

Parameter PNL CBL USIT Temperature Log 

Logging speed 1,000 ft/hr 1,800 ft/hr 2,700 ft/hr 900 ft/hr 

Investigation Formation Formation, casing, 

cement bond quality 

Formation, casing, 

cement bond quality 

Formation 

Temperature rating Up to 350°F Up to 302 °F Up to 350°F Up to 150°C 

Pressure rating Up to 15,000 psi Up to 14,000 psi Up to 20,000 psi Up to 14,500 psi 

Note 1: A suitable replacement tool could be used pending tool availability, updated specifications will be provided should such a 

change occur.  
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Table 14. Temperature Field Probe – Post Compressor. (1) 

Parameter Value 

Calibrated working temperature range 0-500 °F 

Initial temperature accuracy <0.0055% 

Temperature resolution 0.001 °F 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 

 

 

Table 15. Pressure Field Probe – Post Compressor. (1) 

Parameter Value 

Calibrated working pressure range 0-3,000 psi 

Initial pressure accuracy 0.025% 

Pressure resolution 0.001 psi 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director.  

 

 

Table 16. Flow Rate Field Flowmeter – Post Compressor. (1) 

Parameter Value 

Calibrated working flow rate range 50,000-303,000 lb/hr 

Initial mass flow rate accuracy <0.18% 

Mass flow rate resolution 0.0001lb/hr 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director.  

 

 

Table 17. Temperature Field Probe – Injection Tubing. (1) 

Parameter Value 

Calibrated working temperature range 0-500 °F 

Initial temperature accuracy <0.0055% 

Temperature resolution 0.001 °F 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 
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Table 18. Pressure Field Probe – Injection Tubing. (1) 

Parameter Value 

Calibrated working pressure range 0-3,000 psi 

Initial pressure accuracy 0.025% 

Pressure resolution 0.001 psi 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 

 

 

Table 19. Flow Rate Field Flowmeter – Injection Tubing. (1) 

Parameter Value 

Calibrated working flow rate range 50,000-303,000 lb/hr 

Initial mass flow rate accuracy <0.18% 

Mass flow rate resolution 0.0001lb/hr 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 

 

 

Table 20. Pressure Field Probe – CCS1 Annulus. (1) 

Parameter Value 

Calibrated working pressure range 0-3,000 psi 

Initial pressure accuracy 0.025% 

Pressure resolution 0.001 psi 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 

 

 

Table 21. Pressure Field Probe – OBS1 Annulus. (1) 

Parameter Value 

Calibrated working pressure range 0-3,000 psi 

Initial pressure accuracy 0.025% 

Pressure resolution 0.001 psi 

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 
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3.5 A.5. Special Training/Certifications 

3.5.1 A.5.a. Specialized Training and Certifications 

Geophysical surveying equipment and wireline logging tools will be operated by trained, qualified, and 

certified personnel. This will be verified by the respective contracted service company that provides the 

equipment and services. The data collected as a result of these activities will be analyzed according to 

industry standards.  

There are currently no special certifications required for personnel to collect groundwater samples. These 

activities will still be performed by qualified personnel. Groundwater sampling will be performed by 

personnel trained to understand and follow the specific and detailed sampling procedures.  

If requested OCP will provide the EPA with all laboratory Standard Operating Procedures (SOPs) for the 

specific parameters for the approved methods. Each laboratory technician conducting analysis on the 

samples will be trained in these SOPs for the standard method they are using. Technician certifications 

will be provided with the regular reports.  

3.5.2 A.5.b/c. Training Provider and Responsibility 

Training will be provided by the contracted operator or subcontractor responsible the collection of data.  

 

3.6 A.6. Documentation and Records 

3.6.1 A.6.a. Report Format and Package Information 

A report from OCP to EPA will contain all required project data, sampling results, and analytical analysis 

results. The frequency of this report is defined the Testing and Monitoring section of this application. 

Data will be provided in digital formats unless otherwise requested.  

3.6.2 A.6.b. Other Project Documents, Records, and Electronic Files 

Other files (i.e., well logs, reports, test results, etc.) will be provided as required by the UIC Program 

Director and Class VI Permit.  

3.6.3 A.6.c/d. Data Storage and Duration 

OCP will maintain digital copies of all relevant files for the project as stipulated in the Testing and 

Monitoring section of this application. 

3.6.4 A.6.e. QASP Distribution Responsibility 

OCP will be responsible for ensuring that all people listed on the distribution list below will receive the 

current copy of the approved QASP. 
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4 B. Data Generation and Acquisition 

4.1 B.1. Sampling Process Design 

Discussion in this section is focused on groundwater fluid sampling and does not discuss monitoring 

methods associated with non-physical samples (logging, seismic, pressure/temperature monitoring, etc.).  

During the pre-operation and injection phases, groundwater sampling analysis in planned to include and 

extensive set of chemical analytes to aid in establishing a quality baseline data set. These analytes will 

include: 

i. primary and secondary EPA drinking water maximum contaminant levels, 

ii. are most responsive to CO2 or brine contact, 

iii. are necessary for quality control (QC) and, 

iv. might be necessary for geochemical modeling.  

The full set of monitoring parameters is provided in Tables 4-7. After a sufficient baseline dataset is 

established, the scope of the monitored analyte may shift to a more detailed subset of parameters that are: 

i. the most responsive to interaction with CO2 or brine contact, and 

ii. are necessary for QC.  

Implementation of a reduced set of parameters will be done in conjunction with consultation with the 

EPA.  

Isotopic analyses will be performed on baseline samples to assist with verification of initial conditions, or 

to help with understanding non-project related variations. For-non baseline samples, isotopic analysis 

may be reduced in monitoring wells if review of historical analytical results or other data determines that 

is no longer needed. Isotopic analyses will be conducted using established and accepted methods.  

During a period where a reduced set of analytes is used, should statistically significant trends develop that 

are presumed to be a result of unintended CO2 or brine migration, the analytical list will be expanded to 

the initial, full set of analytical parameters.  

ACZ groundwater samples will be analyzed using a laboratory that meets the requirements laid out in the 

EPA Environmental Laboratory Accreditation Program. All other samples will be analyzed by the 

operator or a contracted third party lab. Dissolved CO2 will be analyzed by methods consistent with Test 

Method B of ASTM D 513-06, “Standard Test Methods for Total and Dissolved Carbon Dioxide in 

Water” or a suitable equivalent.  

4.1.1 B.1.a. Design Strategy  

4.1.1.1 CO2 Stream Monitoring Strategy 

The primary purpose of analyzing the CO2 stream is to evaluate the potential interactions of CO2 and 

other potential constituents of the injected with formation solids. the analysis performed can also identify 

or potentially rule out interactions with well materials of construction. Establishing chemical composition 

of the injectate also will help to support the determination of whether this injectate meets the 

qualifications of hazardous waste paid out under the RC RA act from 1976. In addition to those 

stipulations laid out in the Resource Conservation and Recovery Act (RCRA act), this determination will 

also be made with respect to the Comprehensive Environmental Response, Compensation and Liability 

Act (CERCLA  act) from 1980. 

Additional monitoring of chemical and physical characteristics of the CO2 may help distinguish the inject 

a from native brine and gases if potential unintended leakage from the reservoir occurs injectate 

monitoring will occur at such frequency to detect potential changes to any physical or chemical properties 

that may result in deviation from the permit specifications and baseline data. 
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Yearly calibration of temperature, pressure, and flowrate probes and transponder meant to monitor the 

response of the injection of CO2 into CCS1, will also be conducted annually at OBS1 and  ACZ. 

Calibration reports will contain information on the test equipment used to calibrate the probes, including: 

equipment manufacturer information, serial numbers, calibration dates, and expiration dates of equipment 

and calibration. 

4.1.1.2 Corrosion Monitoring Strategy 

Corrosion coupon analysis will be conducted regularly to aid and ensuring the mechanical integrity of all 

equipment that comes in contact with the CO2 stream. Coupons will be sent regularly to a third party 

company for analysis. This analysis will be conducted in accordance with NACE Standard RP-0775, or 

similar, to determine and document any potential corrosion or wear rates based on mass loss. 

4.1.1.3 Shallow Groundwater Monitoring Strategy 

Twelve dedicated monitoring wells have been selected for the shallow groundwater monitoring program. 

These wells will be drilled and installed to varying depths, from just below surface to above the 

lowermost USDW. These wells are intended to monitor and cover all currently used aquifers in the area. 

Further details on these wells are provided in the AoR section and the testing and monitoring section. 

These wells will be sampled routinely as is detailed in the Testing and Monitoring and Post Injection 

Site Care and Site Closure (PISC) section. The names of these wells are as follows: 

• GW2 

• GW3 

• GW4 

• GW5 

• GW6 

• GW7 

• GW8 

• GW9 

• GW10 

• GW11 

• GW12 

• GW13  

Should alteration to these well names occur, proper updating of all relevant documentation and reports 

will be provided following these changes. These wells will be installed at various locations within and 

outside of the AoR. The wells will be spatially distributed as well as located at critical groundwater 

source points. 

4.1.1.4 Deep Groundwater Monitoring Strategy 

USDW1 

One dedicated deep groundwater monitoring well will be installed in close proximity to the injection well 

(CCS1). This well will be installed and screened within the identified lowermost USDW. This well will 

serve as an early leakage detection point at or near the injection well. This interval is assumed to have 

sufficient permeability and porosity such that suitable fluid samples may be taken. 

With the planned sampling methods and outlined frequency, it is expected that baseline conditions can be 

documented, and any natural variability in conditions can be characterized, and that unintended brine or 

CO2 leakage will be detected quickly if it occurs.  

ACZ1 
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One dedicated above confining zone monitoring well (ACZ1) will also be installed in close proximity to 

the injection well. This well will be installed and completed within a permeable layer above the confining 

zone. This well will also serve as an early leakage detection point at or near the injection well. This well 

will be completed and a zone with sufficient permeability and porosity such that suitable fluid samples 

may be taken. This well will also be assumed to have sufficient permeability and porosity such that valid 

pressure monitoring may occur. 

With the planned sampling methods and outline frequency, it is expected that baseline conditions can be 

documented, and any natural variability in the conditions can be characterized, and that unintended brine 

or CO2 leakage will be detected quickly if it occurs. Sufficient data will be collected from this well to 

demonstrate that the effects of CO2 injection are limited to the intended reservoir. 

OBS1 and CCS1 

Fluid samples will be collected from the injection well as part of the pre operational testing program. 

Once injection begins groundwater fluid sampling will occur in the Mt. Simon interval monitoring well 

(OBS1). 

4.1.2 B.1.b. Type and Number of Samples/Test Runs  

Table 1 contains a listing of type in number of samples that will be run and collected from each of the 

wells mentioned above.  

4.1.3 B.1.c. Site/Sampling Locations  

Groundwater sampling locations are provided above and table. Specific analytes for groundwater 

sampling are provided in Tables 4 through 7. 

4.1.4 B.1.d. Sampling Site Contingency 

Locations of off-site sampling and monitoring points have not been finalized. It is currently anticipated, 

however, that no site access issues will be occur. All other wells will be located on the facility. If weather 

makes well access difficult, sampling schedules will be adjusted as necessary to ensure access and proper 

sampling may occur. Any changes to sampling schedule will be discussed with the EPA prior to them 

occurring. 

CO2 gas stream and corrosion coupon sampling points will also be located at the facility. If weather 

makes access to these sampling points difficult, sampling schedules will be adjusted as necessary to 

ensure access and proper sampling may occur. Any changes to sampling schedule will be discussed with 

the EPA prior to them occurring. 

4.1.5 B.1.e. Activity Schedule  

Sampling frequencies and occurrences are detailed and the pre operational testing plan, the testing and 

monitoring plan, and the PISC plan sections of the permit application. 

4.1.6 B.1.f. Critical/Informational Data 

Detailed documentation from field and laboratory activities will be taken during groundwater sampling 

and analytical work. Important documentation to be collected during these times are as follows: 

• time and date of activity, 

• person(s) performing activity, 

• location of activity, 

• equipment calibration data, and 

• field parameter values. 

during laboratory analysis much of the above listed critical data are generated during the analysis, and 

provided as part of the typical output reports from analysis. Additional noncritical data may be collected. 
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This data may include appearance and odor of sample, problems with well or any sampling equipment, 

and any weather conditions which may impact sampling. 

4.1.7 B.1.g. Sources of Variability 

Potential sources of variability related to the aforementioned monitoring activities include: 

• natural variation in fluid quality, formation pressure and temperature, and seismic activity, 

• variation in fluid quality, formation pressure and temperature, and seismic activity due to 

injection operations, 

• changes in aquifer recharge due to rainfall, drought, or snowfall, 

• changes in instrument calibration during sampling or analytical activities, 

• changes in collection staff or analytical staff, 

• differences in environmental conditions during field sampling activities, 

• changes in analytical data quality during the life of the project, and 

• data entry errors related to maintaining a project database.  

Activities that may serve to limit reduce or reconcile some of these sources of variability related to 

monitoring activities include: 

• collecting long-term baseline data to observe and document natural variation in monitoring 

parameters, 

• evaluating data and a timely manner after collection such that anomalies in the data can be 

observed and addressed and re sampling or reanalysis may occur, 

• conducting statistical analysis of the data collected data to determine whether variability and data 

set is a result of project activities or natural variation (i.e., determining if variation is biased or 

statistically significant), 

• maintaining a database of weather related data using on site and regional weather monitoring data 

or data collected from other near location sources, 

• checking instrument calibration before during and after sampling or analysis, 

• thoroughly training all staff to the standards that were detailed and sub sections 3.5.1 and 3.5.2, 

• conducting routine quality assurance checks using third party reference materials and or blind and 

or duplicate sample checks, and 

• developing a systematic review process of data that can include site and sample specific data 

quality checks. 
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4.2 B.2. Sampling Methods 

Logging, geophysical monitoring, and pressure and temperature monitoring does not apply to this section 

and is, therefore, omitted.  

4.2.1 B.2.a/b. Sampling SOPs 

Groundwater samples will be collected primarily using a low-flow sampling method that is consistent 

with ASTM D6452-99 (2005) or Puls and Barcelona (1996). This method intends for a flow through cell 

to be used should a flow through cell not be used. Field parameters will be measured and grab samples. 

All groundwater wells will be purged to ensure samples are representative of formation water quality. 

Static water levels in each well will be determined using an electronic water level indicator before any 

purging or sampling activities occur. Dedicated pumps will be installed in each of the monitoring wells to 

minimize potential cross contamination between wells. 

Groundwater pH temperature, specific conductance, and dissolved oxygen will be monitored in the field 

using portable probes and a flow through cell consistent with standard methods. Given sufficient flow 

rates and volumes. Field chemistry probes will be calibrated at the beginning of each sampling day 

according to the given equipment manufacturer procedures and using standard reference solutions. 

When a flow through cell is used, field parameters will be continuously monitored and will be considered 

stable when three successive measurements made three minutes apart meet the criteria listed in the 

following table. 

Table 22. Stabilization Criteria of Water Quality Parameters During Shallow Well Purging. 

Field Parameter Stabilization Criteria 

pH ± 0.2 units 

Temperature ± 1°C 

Specific conductance ± 3% of reading in µS/cm 

Dissolved oxygen ± 10% of reading or 0.3 mg/L, whichever is greater 

 

After field parameters and stabilized per the above table, samples will be collected. Samples will be 

filtered through 0.45 µm through filter cartridges as appropriate and consistent with ASTM D6564-00, or 

suitable alternative. 

Prior to sample collection, filters will be purged with a minimum of 100 mL of well water or more for 

quired by the filter manufacturer. For alkalinity and total CO2 sampling, reasonable effort will be made to 

minimize exposure to atmospheric conditions during filtration, collection in sample containers, and 

analysis. 

For deep groundwater sampling, a wireline conveyed system with a sampling device capable of collecting 

downhole samples from discrete intervals will be utilized. 

Deep groundwater monitoring wells will be developed extensively at the time of completion, with similar 

plans being followed in any other additional groundwater monitoring wells not laid out in the original 

application or within this document. Prior to sampling, any zones from these wells, these wells will be 

purged and ensure that stabilized criteria are met before taking representative samples. 

Due to the planned large amount of fluid to be purged from these wells, there's the anticipation that at the 

time of sampling the fluid volume will be relatively small. Standard methods to develop these wells will 

be utilized such as down whole submersible pumps or swabbing. 
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For shallower groundwater monitoring wells, methods such as air lift or submersible pumps may be used 

to help with purging fluid from the wells. 

4.2.2 B.2.c. In-situ Monitoring  

In-situ monitoring of groundwater chemistry and analytes is not currently planned.  

4.2.3 B.2.d. Continuous Monitoring  

No continuous pressure monitoring is anticipated or planned at any of the shallow or deeper groundwater 

monitoring wells. 

4.2.4 B.2.e. Sample Homogenization, Composition, Filtration  

Information on the sampling, homogenization, composition and filtration it provided in section 4.2.1. 

4.2.5 B.2.f. Sample Containers and Volumes 

For CO2 stream monitoring, samples will be collected and clean sample containers rated appropriately for 

sample collection pressure. To ensure a clean sample is taken, ,the collection cylinder(s) will be purged at 

least five time (with the sample gas) prior to sample collection.  

Information for the regular CO2 gas analysis is provided in Table 8. 

For shallow and deep groundwater samples, all sample bottles will be new sample bottles and bags for 

analytes will be used as received from the vendor or contract analytical laboratory for the handle it if 

interest. A summary of sample containers used as presented in Table 25. 

4.2.6 B.2.g. Sample Preservation  

For aqueous and groundwater samples, the preservation methods listed in Table 25 will be used. 

At this time, preservation of CO2 gas stream samples is not currently anticipated. In additional details of 

the sampling requirements are shown below in Table 24. 

Corrosion coupon sampling only requires that the coupons be physically separated during transportation 

to prevent physical abrasion. 

Table 23. Summary of Sample Containers, Preservation Treatments, and Holding Times for CO2 Gas Stream Analysis. 

Sample Volume/Container Material Preservation Technique Sample Holding time (max) 

CO2 gas stream 
(1) 75 cm3 mini gas 

cylinder 

(2) 2L MLB polybags 

Sample storage cabinets 5 business days 

 

4.2.7 B.2.h. Cleaning/Decontamination of Sampling Equipment 

As detailed in Section 4.2.1, dedicated pumps will be installed in each of the groundwater monitoring 

wells to minimize potential cross contamination between wells. These pumps will remain in each well 

throughout the project, except for routine maintenance. This includes pre-operational testing, testing 

which occurs during operation, and testing detailed in the PISC plan. Prior to pump installation, the 

pumps will be cleaned on the outside, with a non phosphate detergent. Pumps will be rinsed the minimum 

of three times with the ionized water. A minimum of 1 L of deionized water will then be pumped through 

the pump and sample tubing. 

Once all pumps in their associated tubing are clean, they will be placed in plastic storage bags and 

transported for installation. All glassware to be used in the field will be cleaned first with tap water to 
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remove any loose dirt, then washed in a dilute nitric acid solution, and finally rinsed with deionized water 

before use. 

Gas stream sampling containers will be disposed of or D contaminated by the analytical lab. No sampling 

equipment will be utilized with the corrosion coupons or annual field calibrations. 

4.2.8 B.2.i. Support Facilities 

In order for proper groundwater sampling to occur, the following equipment are required: 

• Air compressor 

• Vacuum pump 

• Generator 

• Multi-electrode water quality measurement tool 

• Analytical meters 

It is assumed that the proper sampling tubes, connections and valves required to sample the gas stream 

will be supplied by the analytical lab, providing the sampling containers. Sampling will occur within the 

compression building. 

Corrosion coupons will also be removed from the injection line within the compression building. 

Field gauges will be removed from the wells. The deployment and retrieval of downhole well gauges will 

be done using procedures and equipment recommended by the vendor contract or per industry standard 

practice. It is currently anticipated that the primary way of deploying or retrieving these gauges is via 

wireline. 

4.2.9 B.2.j. Corrective Action, Personnel, and Documentation 

Field staff are responsible for ensuring that all equipment is properly functioning. Corrective action will 

be performed on broken or malfunctioning equipment in the field as necessary. If corrective action cannot 

be taken in the field, the equipment will be uninstalled and returned to the manufacturer for repair or 

replacement. Any significant corrective actions that are required will be documented. 
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4.3 B.3. Sample Handling and Custody 

Logging, geophysical monitoring, and pressure and temperature monitoring does not apply to this section 

and is, therefore, omitted.  

Sample holding times provided in Table 25 will be consistent with those described By EPA guidelines 

from 1974, American Public Health Association in 2005, Wood in 1976, and ASTM Method D6517-00 

from 2005.  

After collection, all samples will be placed in and ice chest in the field and, which will be maintained 

thereafter to proximately 4 °C until analysis can be performed. These samples will be maintained at this 

preservation temperature and sent to their designated laboratory within 24 hours of collection and storage. 

Analysis of the samples will be completed within the holding time listed in Table 25. As appropriate, 

alternative sample containers and preservation techniques approved by the UIC program director may be 

used to meet analytical requirements. 

4.3.1 B.3.a. Maximum Hold Time/Time Before Retrieval  

See Table 25 for maximum hold times for different samples. 

4.3.2 B.3.b. Sample Transportation 

See beginning of section 4.3 for sample transportation details and standards. 

4.3.3 B.3.c. Sampling Documentation  

Field notes will be collected for all groundwater samples that are collected. These forms and notes will be 

retained in archived. His reference sample documentation is the responsibility of the groundwater 

sampling personnel. 

An analytical authorization form will be provided for each gas stream sample provided for analysis as 

shown by the example in Figure 4. 

4.3.4 B.3.d. Sample Identification 

All sample bottles will have waterproof labels with the following information:  

• Project name 

• Sampling date 

• Sampling location 

• Sampling, identification number 

• Sample type 

• Analyte 

• Volume 

• Filtration used 

• And preservative used 

Figure 3 provides an example of such label. 
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Table 24. Summary of Anticipated Sample Containers, Preservation Treatments, and Holding Times  

for Groundwater Samples. 

Target Parameters Volume (Container Material) Preservation Technique Sample Holding Time 

Cations: 

Ca, Fe, K, Mg, Na, Si, 

Al, Ba, Mn, As, Cd, Cr, 

Cu, Pb, Sb, Se, Tl 

250 ml (HDPE) Filtered, nitric acid,  

cool 4 °C 

60 days 

Dissolved CO2 2 – 60 ml (HDPE) Filtered, cool 4 °C 14 days 

60 ml (HDPE) Filtered, cool 4 °C 14 days 

Isotopes:  

3H, δD, δ18O, δ34S, δ13C 

2 – 60 ml (HDPE) Filtered, cool 4 °C 4 weeks 

Isotopes:  

δ34S 

250ml (HDPE) Filtered, cool 4 °C 4 weeks 

Isotopes:  

δD, δ18O, δ13C 

60 ml (HDPE) Filtered, cool 4 °C 4 weeks 

Alkalinity (anions): 

Br, Cl, F, NO3, SO4 

500 ml (HDPE) Filtered, cool 4 °C 45 days 

Field Confirmation:  

Temperature 

Dissolved Oxygen 

Specific Conductance 

pH 

200 ml (glass jar) None <1 hour 

Field Confirmation:  

Density 

60 ml (HDPE) Filtered <1 hour 

 

4.3.5 B.3.e. Sample Chain-of-Custody  

For gas stream analysis, an analysis authorization form provided (Figure 4) will accompany the sample to 

the lab, at which point this chain of custody form accompanies the sample throughout the analytical 

process. 

For groundwater samples, chain of custody will be documented using a standard form. A typical form is 

shown in Figure 5. This form is similar to that will which be used for all groundwater samples. Copies of 

the form will be provided to the person or lab receiving the samples, as well as the person or lab 

transferring the samples. These forms will be retained and archived to allow simplified tracking of sample 

status. The chain of custody form and record keeping is the responsibility of the groundwater sampling 

personnel and all lab personnel involved in analysis. 
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4.4 B.4. Analytical Methods 

Logging, geophysical monitoring, and pressure and temperature monitoring does not apply to this section 

and is, therefore, omitted.  

4.4.1 B.4.a. Analytical SOPs 

Analytical SPOs and their critical parameters are referenced in Tables 4 through 7. Other laboratory 

specific SOPs utilized by the contracted laboratories will be determined after such laboratory has been 

selected.  

Upon request, OCP will provide the agency with all laboratory SOPs developed for the specific 

parameters, using the appropriate standardized method. Each laboratory technician conducting the 

analysis on these samples will be trained on the SOPs developed for each standardized method. OCP will 

include the technicians training certification(s) with the regular reports. 

4.4.2 B.4.b. Equipment/Instrumentation Needed 

Any equipment and instrumentation that is needed is specified in the individual analytical methods which 

are referenced in Tables 4 through 7. 

4.4.3 B.4.c. Method Performance Criteria 

It is not anticipated that any non standard method of performance criteria will be necessary for this 

project. 

4.4.4 B.4.d. Analytical Failure 

Each contracted laboratory conducting the analysis laid out in Tables 4 through 7 will be responsible for 

appropriately addressing any analytical failures according to their individual SOPs. 

4.4.5 B.4.e. Sample Disposal 

Each contracted laboratory conducting the analysis laid out in Tables 4 through 7 will be responsible for 

appropriate sample disposal according to their individual SOPs. 

4.4.6 B.4.f. Laboratory Turnaround 

Well, turn around. Time will vary by laboratory. It is generally anticipated that the turn around time of 

verified analytical results will be received within one month for project needs. 

4.4.7 B.4.g. Method Validation for Nonstandard Methods 

It is not anticipated that any nonstandard methods of validation will be necessary for this project. Should 

this change in the future, the EPA will be consulted on additional appropriate actions to be taken. 
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4.5 B.5. QC 

Logging, geophysical monitoring, and pressure and temperature monitoring does not apply to this section 

and is, therefore, omitted. For logging QC, reference Appendix B.  

4.5.1 B.5.a. QC activities 

4.5.1.1 Blanks 

For shallow groundwater sampling, a field blank will be collected and analyzed for the inorganic analytes 

detailed in Tables 4 through 7 at a frequency of 10% or greater. It is noted that field blanks will be 

exposed to the same field and transportation conditions as the groundwater samples described in Section 

4.4. 

Blanks will also be utilized for deep groundwater sampling and analyzed for the same inorganic analytes 

detailed in Tables 4 through 7 at a frequency of 10% or greater.  

Field blanks will be used to detect contamination, resulting from the collection and transportation 

processes. 

4.5.1.2 Duplicates 

For shallow groundwater sampling, a duplicate groundwater sample will be collected from a well on a 

rotating schedule. Duplicate samples are collected from the same source of immediately after the original 

sample is taken. These samples will be kept in different storage containers and process the same as other 

samples. Duplicate samples are used to assess sample heterogeneity and analytical precision. 

4.5.2 B.5.b. Exceeding Control Limits 

If the analytical results exceed control limits, further examination of the analytical results will be done by 

evaluating the ratio of the measured TDS count to the calculated TDS count per the APHA method. 

This method indicates which ion analysis should be considered suspect based on the mass balance ratio. 

Suspect ion analyses are then reviewed in the context of historical data and inter laboratory results if 

available. Suspect ion analyses are then brought to the attention of the analytical laboratory for 

confirmation and/or reanalysis. 

The ion balance is then recalculated and if the error is still not resolved, suspect data are identified and 

may be given less importance and data interpretation. 

4.5.3 B.5.c. Calculating Applicable QC Statistics 

4.5.3.1 Charge Balance 

The analytical results are evaluated to determine the correctness of the applied analysis based on anion-

cation charge balance calculation. Due to the fact that potable waters are electrically neutral, the chemical 

analysis should yield equally negative and positive ionic activity. The anion-cation charge balance is 

calculated using the following formula: 

% 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 100
∑ 𝑐𝑎𝑡𝑖𝑜𝑛𝑠 − ∑ 𝑎𝑛𝑖𝑜𝑛𝑠

∑ 𝑐𝑎𝑡𝑖𝑜𝑛𝑠 + ∑ 𝑎𝑛𝑖𝑜𝑛𝑠 ′
 

Wherein the sums of the ions are represented in milliequivalents (meq) per L and the criteria for 

acceptable charge balance is ± 10%. 

4.5.3.2 Mass Balance 

The ratio of the measured TDS to the calculated TDS will be calculated in instances where the charge 

balance acceptance criteria are exceeded using the following formula: 
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1.0 <
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑇𝐷𝑆

𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑇𝐷𝑆
< 1.2 

Wherein the anticipated values are between 1.0 and 1.2. 

4.5.3.3 Outliers 

It is essential to determine the presence of any statistical outliers when performing evaluation and 

analytical analysis of groundwater. This project will utilize EPA's Unified guidance, published in March 

of 2009, as the basis for selection of recommended statistical methods to identify outliers and 

groundwater chemistry datasets as appropriate. 

The techniques detailed in this documentation include: 

• Probability plots 

• Box plots 

• Dixon’s test 

• Rosner's test 

The EPA 1989 outlier test may also be used as an acceptable screening tool to identify any potential 

outliers within the data sets. 

 

4.6 B.6. Instrument/Equipment Testing, Inspection, and Maintenance 

Logging tool equipment will be maintained and cared for, as is detailed in the wireline industry best 

practices provided in Appendix B. 

Groundwater sampling field equipment will be maintained, serviced and calibrated per manufacturer 

recommendation. Spare parts that may be needed during sampling will be included and supplied during 

field sampling. 

The contracted laboratories will be responsible to provideall testing, inspection, and maintenance of all 

laboratory equipment used for analytical purposes. Standard practice and method specific control should 

be followed during these activities. 

 

4.7 B.7. Instrument/Equipment Calibration and Frequency 

Geophysical monitoring does not apply to this section and is, therefore, omitted.  

4.7.1 B.7.a. Calibration and Frequency of Calibration 

Pressure and temperature gauges as well as Flowmeter information is provided in Tables 12 through 22. 

Logging tool calibration will be performed at the discretion of the contracted service company providing 

the equipment, assuming that it follows the standard industry practices noted in Appendix B. Further 

calibration frequency will be determined by standard industry practices. 

For groundwater sampling, the portable field meters or multiprobe sondes that will be used to determine 

that field parameters are calibrated according to manufacturer recommendations and equipment manuals 

each day before sampling begins. Recalibration will be performed if any components yield atypical values 

or fail to stabilize during sampling. 

4.7.2 B.7.b. Calibration Methodology 

Logging tool calibration methods will follow standard industry practices laid out and Appendix B. 

For groundwater sampling, the standards for calibration are typically as follows: 
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• For pH -7 to 10 

• For specific conductance - potassium chloride solution yielding a value of 1413 µS/cm at 25 °C 

• For dissolved oxygen - a 100% dissolved O2 solution 

Calibration is performed for the pH meters per manufacturer specification. 

Coulometry instrumentation will be routinely evaluated using sodium carbonate standards.  

4.7.3 B.7.c. Calibration Resolution and Documentation 

Logging tool, calibration, resolution and documentation will follow the standard industry practice as 

shown in the Appendix B. 

For groundwater sampling tools, calibration values will be noted in daily sampling recordings, as well as 

errors in calibration, should there be any. For parameters where calibration is not acceptable, redundant 

equipment maybe used to ensure that any potential loss of data is minimized. 

 

4.8 B.8. Inspection/Acceptance for Supplies and Consumables 

4.8.1 B.8.a/b. Supplies, Consumables, and Responsibilities 

As required by approved vendors, supplies and consumables for field and laboratory operations will be 

procured, inspected, and accepted as appropriate. Acquisition of such supplies and consumables related to 

groundwater analysis will be the responsibility of each laboratory per the established method or operating 

procedures. 

 

4.9 B.9. Nondirect Measurements – Seismic Monitoring 

4.9.1 B.9.a. Data Sources 

For timelapse seismic surveys, repeatability is paramount for accurate differential comparison. To ensure 

survey quality, the locations for the surface shots and acquisition method of sequential surveys must be 

consistent. Once these surveys have been conducted, they'll be compared to a baseline survey to track and 

monitor bloom development. 

For Mt. Simon pressure monitoring downhole gauges in the OBS1 well will be used to gather pressure 

and temperature data. 

4.9.2 B.9.b. Relevance to Project 

Seismic surveys will be used to track changes in the CO2 plume in the injection formation. Processing and 

comparing the subsequent surveys to the baseline survey taken before injection starts allows for the 

assessment and monitoring of plume growth. It will also help to ensure that the plume does not out grow 

outside of the intended reservoir. Additional modeling will be used to predict plume growth and 

migration overtime by combining the process seismic data and the existing geologic model. 

The Mt. Simon monitoring data will also be used in this additional modeling to predict plume and 

pressure front behavior and to confirm the plume stays within the AoR. 

4.9.3 B.9.c. Acceptance Criteria 

By following standard industry practices, it will be ensured that the gathered seismic data will be able to 

be used for accurate modeling and monitoring. Repeatable ground conditions, shoy point locationsm 

functional geophones, and similar seismic input data will be used from survey to survey to insure 

repeatability. 
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When processing this data, several quality assurance checks will be done in accordance with industry 

standards. Further detail on this industry standard methods of reformatting, structuring and application 

will be provided and further documents. Detail on these methods will be provided in the final Testing and 

Monitorig Plan (Attachment 7: Testing And Monitoring, 2022) 

4.9.4 B.9.d. Resources/Facilities Needed 

OCP will provide all resources, equipment, and facilities needed for all seismic surveys. Seismic 

monitoring will be provided by a third part contractor. Downhole pressure monitoring will be performed 

in wells associated with the project. Groundwater sampling will be performed by a third part contractor.   

4.9.5 B.9.e. Validity Limits and Operating Conditions 

Trained personnel will handle the review and analysis of all collected data to be used for the seimic 

surveys and numerical modeling. These checks will be done according to industry standard practices.  

 

4.10 B.10. Data Management 

4.10.1 B.10.a. Data Management Scheme 

OCP or a designed third-party contractor will maintain the required data as provided elsewhere in the 

permit application. Data will be backed up digitally, or via hard copy as necessary 

4.10.2 B.10.b. Recordkeeping and Tracking Practices 

All records and gathered data will be held securely and organized properly. 

4.10.3 B.10.c. Data Handling Equipment/Procedures 

All equipment used to collect and store data will be properly maintained and operated according to 

industry standard practices. All supervisory control and data acquisition (SCADA) system(s) and other 

data acquisition system will interface with each other as necessary. All data will be held and stored 

securely.  

4.10.4 B.10.d. Responsibility 

The primary project managers, as outlined in this document and in the permit application, will be 

responsible for ensuring the proper data management is maintained.  

4.10.5 B.10.e. Data Archival and Retrieval 

All data will be held by OCP. These data will be maintained and stored for review as necessary as 

detailed in Section 4.10.1 above.  

4.10.6 B.10.f. Hardware and Software Configurations 

All OCP and vendor hardware/software configurations will be interfaced appropriately. 

4.10.7 B.10.g. Checklists and Forms 

All required checklists and forms will be generated and produced for usage, as necessary.  
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5 C. Assessment and Oversight 

5.1 C.1. Assessments and Response Actions 

5.1.1 C.1.a. Activities to be Conducted 

Please refer to the Testing and Monitoring and PISC sections of the permit application to see the 

frequency of data collection for the activities listed in Table 1 of this document.  

After completion of sample analysis and data collection, results will be QCed for the criteria as noted in 

Section 4.5 (QC) section of the QASP document. If the collected data and sample analysis are found to 

not be consistent with these standards of QC, they will be reanalyzed as detailed in the section. All 

evaluations of data consistency will be performed according to industry standard methods and those 

described in the EPA 2009 unified guidance. 

5.1.2 C.1.b. Responsibility for Conducting Assessments 

Third party organizations gathering and analyzing data will be responsible for conducting their own 

internal assessments. 

5.1.3 C.1.c. Assessment Reporting 

All assessment information should be reported to the individual project managers as outlined in this 

document.  

5.1.4 C.1.d. Corrective Action 

Corrective action that is taken to improve any individual organization’s data collection responsibility 

should be addressed, verified, and documented by the project manager that the issue is reported to. After 

this, the individual project manager will communicate this information to the other project managers, as 

necessary. 

Corrective actions that impact multiple organizations should be addressed by all members of the project 

leadership and communicated to the other members on the distribution list as outlined above for the 

QASP. 

It is noted that the results of the corrective action may impact multiple sources of monitoring 

data/equipment and/or multiple organizations. It is, therefore, the responsibility of OCP to ensure the 

most cost-effective and efficient action is implemented across the project.  

 

5.2 C.2. Reports to Management 

5.2.1 C.2.a/b. QA status Reports 

It is currently anticipated that QA status reports will not be necessary. If any of the aforementioned testing 

or monitoring techniques are altered, the QASP will be reviewed and updated as necessary in consultation 

with the EPA. Revised QASPs will then be distributed to the full distribution list detailed at the beginning 

of this document. 
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6 D. Data Validation and Usability 

6.1 D.1. Data Review, Verification, and Validation 

6.1.1 D.1.a. Criteria for Accepting, Rejecting, or Qualifying Data 

Groundwater quality data validation will include the review of the following: 

• Concentration units 

• Sample holding times 

• Review of duplicate Blank and other appropriate QA/QC results 

All groundwater quality results will be entered into a database for periodic review and analysis. 

Copies of this analysis and a laboratory analytical test results and or reports will be kept. In the regular 

periodic reports, data will be presented in graphical and tabular formats as appropriate to characterize 

general groundwater quality data and identify intra well variability. 

After sufficient data has been collected, additional methods might be used to evaluate interwell variations 

for groundwater constituents and to evaluate if significant changes have occurred that could result in the 

leakage of CO2 or brine beyond the intended reservoir. 

 

6.2 D.2. Verification and Validation Methods 

6.2.1 D.2.a. Data Verification and Validation Processes 

See Sections 6.1.1 and 4.5. Appropriate statistical software will be utilized to determine data consistency. 

6.2.2 D.2.b. Data Verification and Validation Responsibility 

OCP or the designated third party contractor will verify and validate groundwater sampling data. 

6.2.3 D.2.c. Issue Resolution Process and Responsibility 

OCP or the designated third party contractor will review the groundwater data handling management and 

assessment processes as necessary. Staff involved in these processes will consult with the Project 

Manager to determine if any actions are required to resolve issues. 

6.2.4 D.2.d. Checklist, Forms, and Calculations 

Checklists and forms will be developed specifically to meet permit requirements. These checklists or 

forms will be developed at a later date and provided as a part of regular reports, if necessary. 

 

6.3 D.3. Reconciliation with User Requirements 

6.3.1 D.3.a. Evaluation of Data Uncertainty 

The physical software will be used to determine groundwater data consistency using methods consistent 

with the EPA 2009 unified guidance documents. 

6.3.2 D.3.b. Data Limitations Reporting 

Data that is collected and evaluated will be presented using appropriate data-use limitations. 
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